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EDITOR'S PREFACE. 

The Starfishes collected by the Harriman Alaska Expediti(Hi were 
sent to Professor A. E. Verrill for study and report ; and through the 
courtesy of various museums of the United States and Canada 
numerous additional specimens from the West Coast were placed in 
his hands. With this rich material at his disposal, Professor Verrill 
undertook a monographic revision of the Starfishes inhabitii^ the 
shallow waters of the Pacific from Arctic Alaska south to California. 

In the course of three m- four years (by 1904,) the larger part of 
the mtmograph had been written, most of the species (including 
Stimpson's types, in the United States National Museum) had been 
fdiotogTaphed, and more than 40 plates had been reproduced and 
printed. But pressure of o&er duties so delayed the completion of 
tiie work that a dozen years have elapsed since it was begim. The 
long delay, however, has not been without compensations, for much 
new material has come to Professor Verrill's hands, including col- 
lections from Patagonia and Fu^ia, enabling htm to add matter of 
great importance on the geographic distribution of the group. 

In the meantime, Mr. E. H. Harriman, organizer and patron of the 
Expedition, having passed away, the publication of the work, with 
its large series of plates, has been generously provided for by Mrs. 
Harriman. 

In view of Professor Verrill's lifelong studies of the Starfishes, it is 
believed that the present monograph will long remain a standard 
authority on the subject, and that it will receive a hearty welcome 
from all workers on tiie Echinoderms. 

C. Hart Merriam, 

Editor. 

Wasbikcidn, D. C, 
&Iay, 1913. 
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PREFACE. 

This report wu originally planned to include only the littoral and 
shallow-water species of the starfishes of Alaska and adjacent waters 
oootained Jo the fine collections made oa the Harriman E]q>edition by 
Dr. (now Professor) W. R. Coe, together with the collections in tiie 
Yale Museum, previously received from the same region, indudii^ 
a number of my original types. The subsequent reception of numer- 
ous other large o>Uection8 from the same and adjacent r^ons soon 
led to a great extension of the work, so as to include all the shallow- 
water species from California to Bering Sea. The various coUec- 
tiofis sent to me by the Canadian Geological Survey throc^ the late 
Mr. J. F. Whiteaves, and later through Professor John Macoun have 
been particularly large and valuable, containing many new forms. 
My thanks are especially due to Professor Macoun and other mem- 
bers of die Canadian Survey for these favors. 

A small but very important collection was sent to me from the 
Museum of Comparative Zoology, through the kindness of the 
Director, Mr. Samuel Henshaw, and of Dr. H. L. Clark; I also 
enjoyed an opporttmity to study there the entire collection of star- 
fitlies fron the Northwest coast. 

A large cdlection was also received, through Dr. C. F. Newcombe, 
from the Provincial Museum of British Columbia at Victoria. 
Professor Trevor Kincaid, University of Washington, Seattle ; Pro- 
fessor W. E. Ritter, University of California, Berkeley, and others 
have also sent useful o^ections ; and to all these I wish to express 
my oUigations for assistance given. 

A small collection, mostly from Bering Sea, was sent to me by 
the U. S. National Museum, and was very useful for the more Arctic 
species. I am also indebted to the Natimal Museum, through the 
kindness of Dr. R. Rathbun and Miss M. J. Rathbun, fen* photo- 
gr^ihs of the type specimens of the several species early described by 
Dr. Wm. Stimpson, which have been of great use and are now 
reproduced on my plates. Several of these have not been previously 
figured. 

The report was very nearly finished, mostly in its present form, 
previous to 1904, and forty-three plates had been engraved and 
printed at that time. 

(xi) 
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In the meantime. Prof. W. K. Fisher, of Stanford Universi^, 
has puUisbed (1911 b) an extensive work on some of the orders of 
starfishes of the North Pacific, including not only very many deep- 
water species, but also considerable numbers from the shallow waters 
of the same regions, covered by my report, and including many of 
the species previously described and figured by me, in this woric. 

He had the advantage of having studied my specimens, manu- 
scripts and plates several years ago, while visiting me at the Yale 
Museum. Yet in some cases our conclusions are somewhat 
divergent 

I have not seen his types, nor have I been able to devote so much 
time as I would like to the correlation of his species of certain 
difficult genera, like Solaster and Henricia, with my own. But I trust 
tiiat the figures and descriptions ^ven in both works will enable 
future students to understand what the forms discussed really are, 
rc^rardless of the names. 

For the numerous excellent drawit^^ of miscroscopic details and 
for neariy all the photographs, I am indebted to the careful woric of 
my son, Mr. A. Hyatt Verrill, who has devoted much time to the 
work during several years. 

Addison Gubby Vbssill. 

New Havin, Conk., Jul:r< 1912. 
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ADDISON EMERY VERRILL, 
Prafcnor Bmeritui ol Yalt UninnitT. 



INTRODUCTION. 
RICHNESS OF THE STARFISH FAUNA; CAUSES. 

The Northwestern Coast of North America seenu to be the head- 
qoarters or metropolis of shallow-water starfishes. No other region, 
90 far as known, has anything near so many species, nor so many 
generic and family ^pes. in shallow water, nor so great an abun- 
dance t>i individuals. 

The species and genera confined to the deeper waters o£F these 
shores seem to be equally mmierous, or more so. 

At present there are over one hundred shallow-water species 
known from that region, besides about twenty named varieties. 

The abundance and variety of starfishes in these sHaUow waters 
is f^iparently greater than at Panama, the West Indies, or the most 
favwabte parts of the East Indies in similar depths. 

This profusion of starfishes does not hold good for ttie odier 
classes of Echinoderms. The Sea-urchins (Echinoidea) are repre- 
sented by comparatively few species, of which only about five are 
commm, and those belong to widely distributed genera. But this 
is about the normal number for any similar cold-water fauna. 

The serpent stars (Ophiuroidea) are represented by about the 
usual number of species, ncme of them of unusual types. 

The Crinoidea are represented in shallow water only by a sii^e 
large, comatulid species, so far as known to me. 

The Holothurians are numerous, but not remarkably so, and 
mostly of common genera. 

This coast seems admirably adapted for the permanent occupation 
and evolution of starfishes, and similarly for certain groups of other 
marine invertdirates and fishes. 

a (I) 
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Among the fishes the SalnKHiidx may be mentioned. Among the 
mollusca some groups, tike the limpets, chitons, Bucdoidae, and 
other families, are much more abundant than in any other regions. 

Nemerteaos and tubicolous Annelids are also remariably large and 
numerous. 

There is every reason for thinking that such groups, including 
various genera and families of starfishes, have lived and flourished 
on that coast for many geologic periods, and have developed in that 
region, by continuous evoluti(»i, most of the species found tiiere at 
present, as well as great numbers tiiat have disappeared. ' 

Indeed, I am led to conclude that this region has been, for long 
ages, a center of evolution, from which various generic and specific 
types of starfishes have been dispersed to other faunal areas, with 
or without subsequent chaises. 

It is not at all improbable that some arctic and boreal species of 
the North Atlantic or^inated on the Alaskan coast and have since 
crossed to the Atlantk by way of the Arctic Ocean, when the arctic 
climate was warmer. 

Others may have migrated southward to the subtropical and 
tnqMcal regifXM of Mexico and Central America, and even to the 
Antarctic Seas, for some of tbe deep-water Patagonian and antarctic 
species show peculiar affinities with tiie Alaskan spedes. 

Such migrations, across the tropics, would easily be possible for 
species having a considerable range in dqith, for their coi^^enial 
temperatures could easily be found at no great depth, even off 
Panama. 

One reason for the great variety and persistence of the starfishes 
and other groups on this coast is, no doubt, the fact that the tem- 
peratures of the waters were not serrausly reduced during the 
Gbctal Period, while those of the North Atlantic were rendered so 
ccdd that the preexisting fauna was lat^y exterminated, while the 
survivors were driven southward, except in the case of eminently 
arctic and deep-sea species. 

Another very favorable condition is the ccmparatively equable 
temperature of those waters, due to tbe reflex of the great Japanese 
tropical current of water. Its influence in modifyii^ the dimate 
of tiie whole coast, south of the Aleutian Islands, at least, is well 
known. 

For the ptosperily of most marine animals, equability of temper- 
ature is exceedingly favorable, whether bi^ or low, c^iedally at the 
breeding season. 
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SHALLOW-WATKa STASnSHIS 3 

No doobt the ccmparative ttnifonnity of tiie temperatures at all 
seaaons, and over vast areas, in tbt deep sea, is the principal caasc 
of the great abandasce of starfishes and many other groups d 
animals in the deep sea and of their wide distribution. 

Constancy of tenqKrature at the breeding season, year after year, 
is of the greatest inqwrtance to nearly all animals, both in the sea 
and out of it, as the writer pointed oat many years ago in the case 
of birds,* and as has since been coafinned by other investigators for 
birds and other groups. 

Another very favorable condittoo, tor the multq>licatioD of star- 
fishes on this coast, is the vast extent and broken condition and rocky 
character of the coast-line, with innumerable islands, bays, straits, 
fiords, and inlets, affording every variety of stations and any amount 
of shelter from severe storms, and at the same time furnishing 
tonumerable suitable stations on the rodcy shores, for tiie growA 
and increase of all sorts of plant and animal life, on which tlie star- 
fishes may feed. It has been stated that the coast-line of Alaska and 
the adjacent islands exceeds 26/000 m3es, at more than the circum- 
ference of die earth. That of British Columbia is also of vast extent. 

FOOD AND FEEDING HABITS OP THE STARnSHES. 

The littoral and shallow-water starfishes are nearly all carnivorous, 
by preference, and feed very largely on the barnacles and mollnsca 
that live among, or attached to, the rocks, such as mussels, c^ster^ 
fimpets, chitons, small spiral gastrcqx>ds, etc 

Considering the great numbers and large sizes of many of the 
starfishes, the wonder is that th^ have not already entirely exter- 
minated those mollusca on which tbey largdy feed. 

The vast amount of damage done to die cultivated oyster beds on 
our Atlantic coast by a single small sptaa of starfish {Asteriaa 
forbesi) is well known. What then must be the destruction wrought 
to the iHvalves on the Pacific coast, where there are some forty 
related species, with similar habits, many of them becoming over 
two feet across? 

One of our native starfishes, six inches across, will eat over twenty 
small testers in one day. Probably it would take a hundred oysters 
or mussels to satisfy one of the giant starfishes of Alaska or Puget 
Sound. 

' PtocM^an Boston Soc Nat Hiii., v«d. z, p. 359, 1866. 
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The great abundance, size, and voracity of these Pacific starfishes 
will always be a great hindrance to the cultivation of oysters, mus- 
sels, etc, on that coast, except, perhaps, where the water is dis- 
tinctly too braddsh for starfish life. 

Fortunately for the mollusca, at least, most of the larger littoral 
starfishes are more or less cannibals. When opportunity occurs, 
they do not hesitate to devour each other. 

Fran the stomach of a lai^e ten-armed Solaster, I have taken the 
half-digested ray of an Asterias that must have been a foot across 
when livii^. An inch or two of the ray still protruded from the 
month of the Solaster, for it was much too large to swallow entire. 

The various kinds of starfishes that inhabit rocky shores, clinging 
to the rocks, have lai^ numbers of strong, muscular sucker-feet, 
each tipped with a perfect sudcer for adhesion. In the ordinary 
five-rayed kinds, six to e^t inches across, there will be four close 
rows of sudi suqkers the whole length of the ray, perhaps aoo to a 
ray; or 1,000 on the five rays. 

In the case of the many larger five-rayed and $ix>rayed kinds, two 
feet across, the number of suckers may be 4^000 to 8,000 or more. 

How many there are on the big twenty-rayed or twentjr-four- 
rayed star of that coast, which becomes over thirty indies across, and 
has the suckers mostly crowded into four rows, on each ray, nobody 
knows, for apparently nobody has had the patience to count them. 
Probably there may be more than 40,000. I refer to the great Pycno- 
podia or " sun-star." (See pi. xxix.) 

Such starfishes are able to open an oyster or mussd by a long and 
steady pull with these suckers, while the rays are wrapped around 
the victim. All such starfishes can evert the laige, loose, bag-like 
stomach and wrap it around its prey till digestion is completed, 
if it be too large to swallow entire. But the mouth is also 
very extensible and dilatable, so that they can swallow objects sur- 
prisingly large. I have often taken sea-urchins an inch or more in 
diameter with the spines nearly all in place, from the stomachs of 
starfishes of no more than ordinary size. 

ACTIVITIES OF STARFISHES; MIGRATIONS; RATE OF TRAVEL. 
Although most starfishes, as ordinarily seen in life dinging to 
stones, etc., appear very slug^sh and slow in thdr motions, they 
are really able to travel to considerable distances and undoubtedly, 
in some cases, make migrations of considerable extent, either in 
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SHALLOW-WATEE STARFISHES 5 

search of food or to sedc more congenial temperatures in deeper or 
shallower water, or for other reasons, such as breeding habits. 

In Long Island Sound it is a common experience of the oyster 
cultivators to find that many thousands of starfishes (Asterias for- 
best) suddenly appear on certain oyster grounds which had been 
nearly or quite free of diem a few days previously. If undisturbed 
for a few wedcs they may destroy thousands of bushels of oysters 
and then as suddenly disappear from the devastated grounds, to visit 
some o&tr locality. 

In the autumn, September to November, as I have mjrself 
observed, year after year, at Outer Island, of the Thimble Islands 
group, in Long Island Sound, they migrate upward from deeper to 
shallower water, and may then be found in m3rriads on rodcy 
shores between tides, where none were to be seen a few days before. 

At such times large numbers are often caught and destroyed in 
the interests of the owners of oyster grounds in the vicinity. In 
some seasons a boy, one of my grandsons, often caught during low 
tide two or tliree bushels, morning after morning, on one small 
island, up to a total of fifteen or sixteen bushels, and more still came 
up every morning. These were mostly not more than half-^^rown 
and a bushel would usually count up to 1,000 or m(»«. The same 
operation was carried on at many adjacent islands by others, with 
similar results. The effect of this wholesale slaughter was said to 
have notably decreased the loss of oysters on the oyster grounds of 
the district during the next year.* 

At this time the starfishes were feeding mainly on the young 
casters of the season, which had " set " thickly on all tiie rocks and 
ledges, below half-tide, but they were also, in many cases, feedu^ 
on the rock barnacles (BaUmus batanoidts), whicli were also abun- 
dant on the rodes. 

Later in the season they disappear, going into deeper water to 
avoid freezing temperatures. 

I have repeatedly tested their rate of travel, on the shores of 
Outer Island. By facing a hundred or more in a small pool of 
water left by the tide at about half-tide mark, it was easy to 
ascertain how far and in what directions they would travel during 

' Imnwiue numbers of this same starfish are also taken ia Long Island 
Sonnd and other ojrster-growing waters by dragging "tangles" or "swxb*" 
over the oyster beds, as first recommended by the writer in 1^3 and 1876. 
A single oyster steamer by this means has often taken twenty-five barrel* 
or more in a short time. 
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about six hours, while the tide was above the outlet of the po(^ 
which was on a nearly smooth, gently sloping^, granite ledge. 

In brief, nearly all left the pool, and travdled downward, but in 
irregularly divergent lines, to various distances, varying from one 
to about fifteen feet. The majority f<41owed a nearly straight 
course down the more sloping parts of the ledge, hut were readily 
diverted to one side or the odier by small variations in the slope. 
Those tiiat travelled the greater distances probably left the pool 
soonest, and were perhaps in more active condition. Selecting a 
dozen or so of Ac best travellers, diey might average ten feet to 
twelve feet in six hours, or nearly two feet an hour, providing they 
left the pool about as sooo as it was covered by the tide, which was 
IHvbably true of some of them, at least As their motions are 
rather deliberate and coatinuoas, they could, no doubt, keep up this 
rate for many hours, «* about 336 feet in a week. 

Yet these were mostly rather small, from 4 to 6 inches across, and 
the laj^;er ones were found to travel much faster than the young 
ones, for they have a much larger number of sucker-feet, which are 
also stronger and longer. 

Such observations as the above give, of course, only an ap{»oxi- 
mate idea of their rate of travel. These were neither impelled by 
hunger nor by cold, but merely by an instinctive tendency to seek a 
lower level. A stronger stimulus mig^t have increased the speed. 

Very large starfishes, like many of the west coast species, would 
probaUy travel very much faster, and perhaps those with many rays 
and a vast number of suckers, like Pycnopodia and Solaster, would 
be stiU more speedy. By actual count a half-grown Pycnopodia was 
found by the writer to have over 33,000 ambulacral feet. 

At any rate, the observed speed would be quite sufficient to permit 
them to ascend or descend a sloping sea bottom quiddy enough to 
avtnd any ordinary dianges in the temperature of the water liaUe to 
be injurious, and also sufficient to enable them to seek their ordinary 
food on new grounds. It is known that, in spite of their voracity, 
they can go for many days, or even weeks, without any food and still 
remain active and in good health. 

However, there are other families of starfishes that are far more 
livdy, while some others are far more sluggish. 

The most lively starfishes known to me belong to the genus 
Luidia. Some of these are very large species. 

These live on bottoms of fine sand or mud, more commMily in 
rather itep water, but often dose to the shore in sheltered, shallow, 
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sandy bays and hatbors. Some o< tfie spedes have more than lix 
ra3rs. In all cases the niys are long, flattened, and very flexible. 
Ordinarily when at rest they lie just benea^ the surface of the sand, 
which soon forms into star-like impressions, i^reeing with the star* 
fish in size and form. This is due to the minute currents of water 
produced by the ciliary motions c<»mected with the respiration of 
the starfish by means of the dorsal papulae. 

When disturbed, the starfish glides away quiddy, just under the 
loose superficial sand, using its " sucker-feet " or " ambulacra! feet " 
as paddles for swimming or gliding. These ambulacra! feet are 
much lai^r and longer tlian usual and are much flattened trans> 
Tersely, and tiave no terminal sucker, but end in a point They are 
very muscular and can be waved back and forth, like paddles, in 
unison, so that the motion is more lilre rowing or swimming than 
rtmning «- creeping. While under the sand, no donbt the pressure 
against the sand causes them to act something lilce legs or feet ; but 
wlien placed in an aquarium without sand, tliey can swim or glide 
along tlie tKittmn and up the perpendicular sides with surprising 
rapidity. 

My own observations on this genus were made in 1901, at Ber- 
muda ' oa Luidia elathrata Say, a 6ve-rayed species. 

Similar ol)6ervations liave since then beoi made by otiiers aa 
different species of Luidia, so that this mode of locomotion is prob- 
ably conunoo to all the spedes of the genus. 

LARVAL STAGES; PROTECTION OF EGGS AMD YOUNG; 
INCUBATION. 
The wide and rapid distribution of many, if not most, starfislies of 
sliallow seas is, however, due to tlie fact that nearly all produce vast 
nnmt>era of minute eggs, which develop into small, singular, {)ilateral, 
free-swimming larval forms (bipinnaria, brachicdaria) that require 
many days or weelcs to go through their metamorphoses tiefore set- 
tling down to the bottom in the starfish form. W!ii!e in these larval 
stages, they may be drifted Icmg distances by waves and currents and 
finally settle down in places far from tlietr place of origin. Of course, 
in most cases titty Ixcome widely dispersed and vast numbers perisli, 
bat sometimes, on die other hand, myriads of young may hi4^>en to 
drift along in company, by the action of a current, and so finally 
locate as a vast ccAoay in a new home. 

' A. E. Vcrrin, igoi, p. 36, and Z06I0K7 of Bennnda, Article 14 p. 36, igoj. 
(See Bibliography.) 
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Perhaps the sudden sppeuance of great numbers of young star- 
fishes on certain oyster grounds, where they were not found pre- 
viously, may be accounted for in this way. When well fed oa youi^; 
oysttn, tiiese little baby starfishes grow rapidly and soon become 
large enoi^ to attract attention and do great mischief, even in one 
seascm.' 

Certam genera and species of shallow-water starfishes, and per- 
h^s a large proportion of the deep-sea species, do not produce so 
many minute eggs, nor do these develop into free-swimming larvz. 
On the contrary, the mother retains the eggs and cares for them till 
they pass throi^h an abbreviated metamor|rfiosis and develop into 
minute young starfishes provided with " sudcer^feet " or podia to 
enable them to take care of tiiemselves. 

Commonly, in such cases, the eggs and young are hdd under and 
around the mouth in large clusters. During the time required for 
their development the mother appears to be incapable of taking any 
food, owing to the obstruction of the oral region. The young are 
often attached by a larval actinai pedicel in clusters or strings. 

This is the mode of carrying the eggs and young observed in sev- 
eral spedta of Henrieia, Atnuterias, Sporasterias, and Podasterias, 
and in numerous small species of Asteriidx, bdong^g to the genus 
Leptasttriat. I have perstmally observed this in L. compta, L. tentra, 
and L. littoraiis of the New England coast, and in L. epichlora and 
cribraria of Alaska. The young of tpichloro were collected by Dr. 
W. R. Coe. (See pi. uezxv, figs. 3, a-f.) In aU these the genital 
pores are on the ventral side, near the moutti. 

In some other cases {Leptychaster) the motiier carries the eggs on 
tiie bade, betw ee n the ^>ines. 

Another method occurs in the genus Pteraster, and probably in aU 
the related genera of the &mtly Pterasteridse. In these there is 
a large dorsal " nidamental pouch," marsupinm, or better, gono- 
codium, for the retention of the ^gs and the development oi the 
young, which remain in it until fully formed and s(»netintes up to 
ID to 15 mm. or more in diameter. 

This gonocodium is formed by a tent-lila membrane, which is 
supported and kept stretched by the tips of slender, ekmgated, 
radiating spinules, arising from the dorsal ossicles, and long enotis^ 

' Starfishei that hare soch minute cggi and jaaag nnally have minute 
genital pores, sitnated In pain, dorsallr. In Ac interradial areas. Those 
that hare large egga thai thejr canr arotmd or over At moaA bare die 
genital pores larger, on the ventral (ide near the month, lo &r ai obaervcd. 
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to leave a considerable cavity beneath it, in which the genital orifices 
and respirataiy papiiUe are situated. This membrane is perforated 
by small pores for the ingress of water, and normally has a large, 
valvolar, central oscule throa^ which the water escapes. The mem- 
Inane has muscular fibers for contraction. 

The ^gs are laid and fertilized in the gcHiocodium, and when the 
youi^ are matured tlwy often, or perhaps always, escape by rup- 
tures of the membrane, which later heal up — a sort of natural caesa- 
rian opemtioti. 

In this group the eggs are few in number, as usual in all cases 
where the young are well cared for. Several qwdes <A this family 
oarur on the west coast. (See pi. xxxii.) 

SENSES; INSTINCTS; HEUORY; ACQUIRED HABITS. 

Comparatively little is known, from actual observation, as to the 
nature or acnteness of the senses in starfishes. 

At the tip of each ray, in the q>ical [date, there is a small and 
very simple eye, or p^^ented ejre-spot, often red in color durii^ 
Hfe. It is at the end of the radial nerve. Probably this kind of an 
eye is of use only for distinguishing different degrees of tight, or 
possibly the shadow of a nearby moving object. 

Qose to the eye there is a single odd ambulacral tube, generally 
considered a tentacle, and supposed to have, at least, the sense of 
touch. However, all parts of the integument, and especially the 
papolte and sucker-feet, are also very sensitive to touch. There- 
fore it may be that these tentacles have some other sense func- 
tion more developed than elsewhere, possibly that anak^ous to 
smeD or taste, for appreciating the purity or salinity of the water. 
They must have a sense for beat and cold, as this determines their 
migrationB at certain seasons. That they are somewhat sagacious 
and discriminating in their successful selectim of the young ojrsters 
for food in spite of tiie Ubor and time required to o^ea them, is 
good evidence that they have some sense analogous to taste, and have 
sfnse enough to follow it 

That tbey can be attracted to an open oystxr or other favorite 
food, from some distance, indicates that they have some sense simi- 
lar to Emdl, like that of many moUusca and cmstacea tfiat are easily 
attracted by a dead fish or other odorous food. As they have no 
[M-oper head or central brain, but only a circle of equal nervous 
centers, it is dear that they can have no consciousness of right or 
left, forward or backward. Each ray is practically equal to every 
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other, yet all the vast number of sudcers, wmetimes aofioo or mtxt, 
and all the rays must act in unison or there could be no prog^resnon, 
nor any procuring of food. 

Just how starfishes decide to travd in ooe direction rather than 
in another is a problem difficult to aolve.* 

Df. Jennings, who has experimented extensively with reference 
to the behavior of starfishes, says very truly that whatever a starfish 
can do at all it can do in many different ways and seldom does it 
twice in just the same way. This is particularly applicable to its 
modes of righting itself when tuned over, getting out from under 
weig^, elastic h^iKlSi etc He found that when a star&h had been 
forced to use the same arms to riglit itsdf very many times and for 
several wedcs, it could thns be trained to omtinue to use the same 
arms, and thus had acquired a new habit, but if left to itself it lost tiie 
habit in about a wedc. 

Perhaps the preference of the starfidi to use the same rays was 
mainly because, by repeated use, the musdes of those rays had become 
scHiiewhat lai^r and stronger by the sys t em atic " training." 

I know of no Other successful attempts to educate a starfish. In 
nature they seem to show s(Hne memory and some persistency. I 
once placed a lai^ active hcdotfiurian {Thyone briartus), that I 
wished to figure, in one end of a large aquarium, about four feet 
long, while there was a starfish (Asterios forbeti) at the other end. 
Next momii^ the starfish was mounted on the Thyont and had 
slightly eroded its ddn by means of its oral spines. I disengi^ed the 
Asterios, put it at the opposite end of the tank with stones and other 
obstacles between, and supplied other food, such as cracked mus- 
sels, etc, and other Thyones, ^q>arently just as good. In a couf^e 
of hours it was back agam, woridng away at the same spot cm tiie 
holothurian. The same course was taken a seccmd time, with the 
same result. The starfish was evidenfly bound to eat that particular 
Thyone or go without any dinner. I had to remove it fnmi the 
tank to save the Thyone. Apparently the Asterios either remem- 
bered where bis chosen dinner rested, or else it had a keen sense of 
smell to distinguish it from others of the same qiecies, and from 
other natural food. 

In respect to maternal instincts, the most interesting case known 
to me was told to me 1^ Prof. Louis Agassiz, while I was a student 

' Or. 1. J. Cole (Joam. Exper. ZooL, xir, No. i, 1913) has recently made 
some interesttng experimoits on the behavior of Asterios forbtsi tuider 
■pecial CMiditioni, u to the relatiTe nie of the varioiu arms as anterior or 
directive, etc 



>y Google 



SHALLOW-WATBB STABFISHSS II 

and assistant with him about 1863. I am not aware that it has been 
published. It is recorded in a dtary kept by me at that ttme. 

He said that he had a large aquarium, at Nahant, Mass., in his 
summer residence, I think, and placed in it a lai^ female Solaiter 
endeca^ wliich was carryit^ a clurter of e^s over the oral area. As 
an experiment, he removed the cluster and put it at ^nt extreme 
opposite end of die aquarium. In a few hours the staifidi found 
the cluster and replaced it as at first 

Mr. E. Desor (Proc. Bostrai Soc Nat Hist. vd. va, p. 11, 1848) 
records a similar observation in the case of Hemrida tangumoUmta. 

I have, personally, oerer had a chance to repeat tfiis experiment, 
for though I have dredged thousands of SoUuters, it has always 
been at the season of the year when they were not carrying eggs. 
Such experiments should be repeated at the various permanent 
seaside laboratories now in existence on bodi coasts. None existed 
during the long period of most of my fidd work, except, after 1881, 
that of the U. S. Fish Commissioa. 



PECUUARITIES OF THE STARFISH FAUNA OF THE NORTH- 
WEST COAST OF AMERICA. 

The general discussi(»i of the geographical distribution of the 
genera and species and their relaticAS to those of other r^ions must 
be left to a final ch^ter. There are, however, some very peculiar 
features of more general interest, to which it seems best to call 
attention in this place. 

The great size of many of die species, some of which are among 
the largest, if not die very hirgest species known, has already beoi 
mentioned.* 

The PycHopodia, though perhaps not the heaviest, is probably 
the largest starfish known. It becomes at least thirty-six inches 
broad ; and according to some collectora may be even four feet across. 

'Aa no oat eUe hat recorded the carrriog of eggi by SoUuirr, and at 
its genltml porei are deicribed u minute and donal, I mtpect that there 
wit an error on mj part in recording the name, or on hit part in gfrnig ft. 
Perhapi Htnrida was meant 

'At Icait nine of the ipedet of Atttriat and alliea become there over two 
feet in diameter. Among thete large apedet are OrtkatUriat columbiana 
Ver., O. foreifulala Ver., Ev. IrotchtlU (Sl), var. rudit V., Ev. acamlhotloma 
v., Puoiltr oehrae*** (Br.), P.giganliu (St),P. lUktmi (St.),P.papmtMiu 
Ver., Pycnopodia Mionlhoidtj (Br.). Lmdia foHolata beo>met about a» 
large 
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MULTIPUaXY OF RAYS ; VARIABILIXy. 

It is a singular htct, for which no satisfactory reason has yet been 
given, that nearly all Echinodenna, whether living or fossil, are aor- 
mally five-rayed. This rule prevailed quite as constantly in the 
remote paleozoic ages as in the present period. 

The number of isys was apparently well fixed in the unknown 
primordial ancestors of the earliest fossil Echinoderms of most 
classes, for all classes of Echinoderms, except, perhaps, the Holo- 
thurians, ^ipeared in the early geok^c ages, with most of their 
more important features much as we find them now. 

AmtMig Paleozoic Echinoderms, as among modem ones, certain 
starfishes departed from the five-rayed type by acquiring additional 
rays. As in some modem genera, dtis was apparently done in post- 
larval life by tbe interpolation, or budding in, of new rays between 
the older ones, in some of those species having numerous rays. 

At present, this is known to occur only in Pycnopodia of the 
Northwest coast ; in HeHoster, represented by several species on the 
tTX>pical and subtn^ical Pacific coasts, frcsn lower California to 
Chile ; and in Labidiatter, from Patagwiia. It is probable, also, that 
it occurs in Rotkbunaster Fisher, a deep-water Califomian spedes, 
allied to Pycnopodia. 

Of HHiaster, seven species are known. When adult, the number 
of rays exceeds twenty and in some ^>ecies is as high as forty to 
forty-four. 

In all its species new rays are gradually interpolated, rather 
irrcffularly, between the older ones, all around the drcomf erence, but 
not without some order.' 

The same is true of Labidiaster, which has numerous long rays 
when adult 

In Pycnopodia, the number of rays when adult is twenty to twenty- 
four. It normally starts, when very small, with sax equal rays. A 
new pair of rays then appears, one on each side of one of the primary 
rajrs ; then another pair appears just back of these, and so on in suc- 
cessive pairs.' This would always produce an even number of rays. 
But variatiotts from this bilateral regularity often appear, producing 
odd numbers. (See ^. lxxiii and lxxiv.) 

' See R I. Clarke Starfishes of the Genui Htliatttr, Bull. Hiu. Comp. Zodl., 
vol. LI, pp. 35-76^ pts. i-vm, 1907. In this paper all the species are fully de- 
scribed and their modes of adding new rays arc cjqdatned. 

* See plates. See Professor W. E. Ritter and G. R. Crodcer <Proc. Wash- 
ington Aod. ScL, vol n, pp. 247-374, 1900), who give a good account of the 
process. 
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AH the known spedes ol these three remarkable genera are from 
the Pacific coast of America and the ontljring ialands.' 

Their resemblance to certain fossil starfishes of tiK Devonian is 
very strikii^, and may indicate a contintxHis descent from diose 
ancient forms. If so, it would be good proof of the antiquity of the 
West Coast forms, as mentioned above. 

Aside from these remarkable and localized genera, tfiere are other 
genera of the fauna that have numerous rays. Hw genus Solaster 
is represented there by five or six shallow-water species, and 
Crossaster by one. All these are multifde-rayed, the rays varying 
from ei^t to fifteen. In these genera, there is no evidence of the 
interpolation of new rays in poet-larval life. They are also genera 
that are widely distributed in all seas. (See pis. vin and x.) 

They !^>pear to be more numerous on the Northwest Coast than 
elsewhere, both as to individuals and species. Several additional 
species occur in deeper water off the coast The group may have 
originated in the Ncvth Pacific, in former geologic ^es. 

The genus Pteraster in all other seas has five nys, except 
P. obscia-us, of the North Atlantic and Arctic, which ordinarily has 
six or seven. Variety ectaster V., of Berii^ Sea, normally has eight 
rays, but sometimes seven. Mr. Fisher thinks that it is only a variety 
of P. obseurus, but even if so, it is singular that the latter should be 
six-ra]red in the Atlantic and anywhere from six-rayed to e:^t- 
rayed in the North Pacific. 

So, likewise, other genera that are generally five-rayed in all ottier 
parts of the world are apt to have six-rayed species on the North 
Padfic coast. This is true of the genus Asterias and its subdivisions, 
in which we find many six-rayed species on that coast, as well as 
nomerous five-rayed ones. Some of those tfiat are ordinarily five- 
rayed are also often found with six or seven nqrs. This occurs 
in other regions, but not so frequently as there. 

Amoi^ the species of Asteriidte having normally six or more 
rajrs, the following may be mentioned :Pt5art«r£rwKKr (St), a very 
large species ; Orthastenas mtrriomi V. ; A. acervata St ; A. kath- 
erina Gray ; A. multiclava V. ; Stenatterias macroporo V. ; Leptas- 
terias hexacHs (St) ; L. vtmcouveri (Per.) ; L. aquaUs (St) ; L. 
coei V. ; L. epichlora (Br.), subsp. alaskensis V., and several varie- 
ties of the same species; and L. macouM V. 

Some of these have occurred with seven rays, and some widi five, 
as abnonnal variations. 

' Two ipede* of HtUotltr occnr at the Galapago* Itlandt, snd one at Juan 
Fenumdez. Thetc were evidetrtlr derived from Piciiic coHt ■sceiton. 
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The fcdlowii^ species, wbidi are nonnmny five-rajred, hawt been 
found -mitb six rays : 
Htmrieia ttvmteitta (St.)> from AUdo. 
Swmieia n mgiti m oUnla (HOu.), Bering So. 
PitatUr otlmctiu (Bk.), Hoaterer, Califs aad Britub CohunlMa. 
fstirin MMMto (Bi.). six-t«rfdcoBuiion; loiir-njed and Kren-rayed rare; 

California. 
Dtrmatttrias imbriecta (Gl), Sitka. 

When we consider the great geological antiquity and remarkaUe 
persistence of the five-rayed condition in ccbioodemis generally, 
it is very remaricable that so many genera and species of existing 
starfishes should have acquired tiie peculiarity of having higher 
numbers. It seems natural to conclude that there must be some 
q>ecial advantage gained by this increase in rajrs, which does not 
obtain in the other classes to the same extent. 

At the present time all known species of sea-urchins and holo- 
tburians are normally five-rayed, and the same holds good throt^ 
all the getdogic ages for the former class at least. Abnormal sea- 
urchins with four and with six rays have been observed in a number 
of species. Dr. Robert T. Jackson, in his recent extensive work,* 
has discussed this and various <dher variations of sea-urchins very 
fully. He states that he has personally studied seventy-one cases 
of more or less complete variations from the perfect five-rayed condi- 
tion. To find these required the special examinatioo of sofioo speci- 
mens, including many species. 

In stme species about one individual in a thousand shows varia- 
tions of this kind.' 

The serpent-stars (Ophiuroidea) show more variatitm in the 
number of rays than the sea-urchins do. Several genera contain 
some qiecies that are nonnally six-rayed. The common Ophiocoma 
pvmUa of Bermada and the West Indies has about equal numbers of 
five-rayed and six-rayed individuals Uving tc^ether. Many of the 
qiecies of Ophiaetis have six to ei£^ rays while young, and divide 
autotMDOusly, but when mature they are usually either regularly 
five-rayed or six-rayed. Yet some of the species of the same genus 
are always five-rayed and do not divide ; so it does not seem to be a 
matter of great importance in this genus. 

'PlQplogenj oi die Echini, Hem. Boston Sac. NaL Hist, vol. z, 1913. 
Variatioas from the pentameroas sratetn are dcacribed on pp. 35-50, 

* See also A E. Vcrrill, Amer. Natnralitt, t<^ xun, p. 545, for a diacusnon 
of the aabject with fignret. 
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Variatkns from Ae five-rayed condition occur not very rarely 
among living Crinoids, and were not uncommon among the andcnt 
fossil pentremitefl and cystideans;* but on the whole the crinoids 
have been pretty constantly five-rayed through all the geologic ages. 

We must conclude that all these variations originated at first as 
" sports," which have persisted by heredity and natural selectioa, 
because they were advantageous. It is easy to conjecture that, in 
tiie case of two starfishes, otherwise sinuUr in size and structure, 
tiring tt^^ether on a rocky shore and eiqxMed to vident surf, the one 
widi six rays would be able to ding more securely to the rodcs than 
die one wtUi five rays. Therefore, because of the increased number 
of ambnlacral sndEer-feet, it mig^t well be tiie form preserved by 
natural selection, unless for scone other important but unknown 
reaacm, the five-rayed ctmdition has certain other more tmpcwtant 
advantages. 

It is certainly true that most of the shallow-water q>ecies with 
multiple rays tive among rocks in situations exposed to the surf. 
This is true of the seven spedcs of HHiatttr, with very numerous 
TVft ; and of Pycnofodia with twenty to twen^-four rays, and of 
Hie various shallow-water and littoral q>eciei of Solaster and Cross- 
aster, which usually have nine to fifteen rays (rarely eight or less). 
It is also true of the ntmierous six-nyed spedes of Asterias, 
Pistuter and allied genera.' 

However, the ability to cling tenaciously to rocks may be perfected 
in other ways, invtdving equally an increased number of sucker-feet. 
This is often attained 1^ lengthening the rays, as in many species of 
Asterias; by crowding the suckers into more than four rows, as in 
some large spedcs of Piaaster; and by increasing the size and 
strength of the suckers. 

Although it seems probable that the added protection gained 
against the violence of the waves by the evolution of more numerous 
rays and suckers is a real cause for the retcntwn of this feature, it 
may not be the principal one. The attainment of four rows of sudcer- 

' Some of die paleozoic Cyttidca were tri-radiaL Hence it hai been thought 
hj some writcn that thii was the more primitire conditton and that the 
pentameroiH condition wa« acquired by the addition of another pair of nju 
See Bather, op. dL, igot. 

*Tbe family Bfitingidz, however, is mostly confined to deep water. All the 
q>edei are mottirayed, with long rays. Some of them climb over gorgonians, 
as do many ophinroids. The genus Labidiasttr, of the Patagonian region, is 
facmd in shallow water among rocks and lea-weeds. It has numerous long 
r^fs. 



>y Google 



l6 VEKRILL 

feet in Asteriidx, as compared with the more primitive two-rowed 
conditjon, was probably due to the same causes. 

I am inclined to bdieve that the increase of rays has been due more 
to ttie advantage gained in holding their food securely, and io 
opening bivalves, than for iwAdiag to the rodcs, thou;^ both go 
tc^ether. The starfishes are the most prcdaceous of the echinoderms. 
They feed lai^y on bivalve shells that cling firmly to the rocks, 
like the oysters, and on others that must be pulled open by means of 
their numerous muscular suckers, part of which must be used for 
keeping in a suitable position and part for the opening of the oyster, 
at the same time, so that the more arms and suckers they have, the 
more rapidly and effectively they can secure dieir food, in case they 
are feeding on laige bivalves. 

We must admit that, so far as known, the five-rayed and six-rayed 
individuals of a species appear to be equally well nourished and grow 
to equal size. Also that the normally six-rayed species of Asterias 
are commonly no laiger, nor more robust, than the allied five-rayed 
species, in the same environment. Even the four-rayed individuals 
ai^>ear to be well nourished and of ordinary sixe. It is quite possible, 
however, that they grow more slowly. It is known that the rate of 
growth of starfishes is very rapid when food is abundant, but very 
sk>w when food is scarce. No observations have been made on' the 
ccmparative rate of growth of six-rayed specimens. 

It must be remen^red that the variation in ttie niunber of rays 
is necessarily attended by extensive chaises in the number, size^ and 
form of the skeletal plates of the body; also in the number of 
ambulacral feet and water tubes, nerve ganglions, herve cords, 
stomach lobes, hqtatic g^ds, and all other internal organs.* A six- 
rayed q>ecimen has twelve reproductive g^ds, instead of the ten 
in its five-rayed ccmipetitor. If the number of ovules be propor- 
tionately large, it would produce twenty per cent more young. 

So, likewise, it would have an additi(»ial stomach lobe and two 
more hepatic glands. This would perhaps be of advantage in the 

' This does not hold good in the cases of the multirared spedes of HtUatttr, 
according to Clark. (The Genus Heliaster, igo7-} This genus has but fire 
stomach liri>es and five pairs of gastric retractor muscles, whatever may be the 
number of nyt. Yet the added rays contribute to digestion in that group, 
for each ray has a pair of hepatic glands and a pair of gonads. 

The term " hepatic gland " must not be understood as implying that these 
glands correspond precisely with the liver of vertebrates, for it is known that 
the digestive fluids of cchinodemii are different chemically from those of the 
latter. Some claim that these glands of starfishes are more like the pancreas 
in function. 
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digestion of food and cause more rapid growth and earlier tnaturi^, 
if not greater reproductive powers. 

It would be a very interestii^ experiment to try breeding six-rayed 
or seven-rayed varieties of some common five-rayed spedes. 

I have found five-rayed young (about 5 per cent) among those 
carried by a six-rayed mother, in the case of Leptasterias epicklora. 
Fisher states that he has found seven-rayed young in the gonocodium 
of an eight-rayed Pteraster obscurus, and one with nine rays. That 
six-rayed and seven-rayed varieties might be easily obtained by 
selection and isolation is very probable, I have observed that in the 
case of our common New England starfish {Asterias forhesi) six- 
rayed and seven-rayed individuals are much more common in some 
localities than elsewhere, indicating, perhaps, a tendency to the 
inheritance of these features. 

SPEaES, SUBSPEOES, AND VARIETIES. 

Within the limits of reci^nized species, certain groups of indi- 
viduals, apparently having a definite distribution and more or less 
permanency of characters, are regarded as bathymetrical or geo- 
graphic races. Such races are here called subspecies. 

In certain genera, for example Asterias, Henricia, Solaster, speci- 
mens occur which cannot be referred definitely to any species or sub- 
species. Some of these appear to be local variations, due to unfavor- 
^e environments ; " sports," " freaks," or " hybrids ; " others may be 
abnormal individuals. They are here called varieties. If in future 
the characters of any of these varieties prove fairly constant, it may 
becwne necessary to elevate them to suhspecific or even specific rank. 
To determine the status of these forms, much lai^^ series of speci- 
mens than are at present available will be necessary. 

It is not unreasonable to think that some of these " varieties " and 
" subspecies " are incipient species, now in the process of evolution, 
and that eventually some may become fixed species, while others will 
disappear by the elimination of the most unfit 

The Nortliwest Coast appears to be one vast nursery for the origi- 
nation and evolution of new varieties, subspecies and species of star- 
fishes and various other groups of marine animals. 

A peculiar difficulty in the determination of genera and species of 
starfishes consists in the fact that many, especially of the Asteriidae, 
do not attain their adult characters until of considerable size, so that 
young, or even half-grovm specimens, may appear to belong to a 
different species, or even a different genus, for the more complex 
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^>ecies pass tfaroagh stages corresponding to the adult conditJon of 
simpler or more primitive genera, and there is often no way to tell 
whether a small specimen is mature or sot, withottt comparison with 
a series. 

HYBRIDISM OF ASSOCIATEO SPECIES. 

Owing to the fact that numerous related spedes of several genera 
are living together on the Northwest Coast, it is natural to conclude 
that some of tbetn may frequently hybridize, especially if their 
breeding seasons are coincident I have seen many hybrids between 
Asterias vulgaris and A. forbesi of the New England coast. 

There is considerable evidence that this often occurs on the Pacific 
Coast, leading to the existence of many very puzzling spedmens in 
some groups. 

I have personally seen a number of apparent hybrids between 
diverse species of Asttrias, Pisaster, Henricia, and other genera 
abundant on that coast Perhaps some of the equally puzzling speci- 
mens of Solaster may also be hybrids. 

To determine this matter satisfactorily requires lat^e collections, 
and especially observations made on the living specimens in their 
natural environment The littoral spedes of Leptasterias that carry 
thdr young, abundant on the shores, are eminently adapted for such 
studies, and are easily raised. 

This can best be done at one of tiie seaside biological stations, 
and for that reason I do not propose to discuss the matter at length 
in this place. Dr. Fisher, also, has found numerous varieties and 
connecting forms, some of which he thinks may be hybrids, among 
the large numbers of specimens of Henricia that he has studied. 

It b quite probable that some of the now well established spedes 
of starfishes of that coast originated at first as hybrids and that 
others are now in the process of differentiatioa into varieties and 
spedes. 

FAUNAL RELATIONS AND DISTRIBUTION OF THE SPEOES. 

Details of the distribution of tix spedes must be left to the end of 
this report, but there are some interesting facts that may wdl be 
mentioned here. 

The shallow-water starfish fauna of the Northwest Coast, taken 
collectivdy, may be considered as consisting of Aree parts. 

1st Those of more southern or trc^cal origin that have migrated 
northward to California or beycad. 
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2(1. Those that are of Arctic or drciimpolar distributioa and 
extend southward isto Bering Sea, and in nuiny cases to the Aleutian 
Islands, or much farther south, especially in the deeper waters. 
Their origin may have been in the North Pacific originally, in many 
cases. 

3d. Those Aat appear to have originated in the region extending 
frcnn the Aleutian Islands to California. 

The last group is by far the larger and more important Very 
likely it is possible to divide that very extensive coast line into two or 
more faunal districts, but for the starfishes this does not seem 
to be necessary for the present, for many species rai^e throughout 
that whole extent of coast 

The limits of distribution on that coast seem to be determined 
entirely by the temperature of the water, espedalty in llie breeding 
season, due probably to the greater sensitiveness of the free-swim- 
ming larval forms. The adults can r^;ulate their temperatures by 
migrating into deeper or shallower water as occasions require. 

Among the more southern forms are Orthasterias forreri, Pisasttr 
capitatus, P. paucispinus, Marthasterias sertuUfera, species of Astro- 
pecten and Luidia, Linckia Columbia, etc 

Among the arctic and in part circumpolar species are Asterias 
aeervata, A. mulHciava, L. arclica, C. cribrana, AUasterias ratkbuni, 
Henricia tanguinoUnta, H. tumida, H. arctica, Solaster endtca, 
Crossaster papposus, Pteraster obscwus, and var. octaster, P. mUi- 
tons, Diplopteraster mulHpes, Tosiaster arcticus, C. gronuiaris, 
Leptychaster arcticus, Cttnodiscus crispatus, etc 

The species apparently indigenous on that coast are too numerous 
to enumerate here. Some of them are nearly allied to those of the 
North Atlantic and other regions, but many are very peculiar and 
have no near allies in other regions, so &r as known. 

A number of the genera and higher groups are peculiar to that 
coast, others have there a remarkable development in number and 
variety of species, showii^ that their evolution mu^t have gone 
along ctmtinuously for vast periods of time. In many cases primi- 
tive and highly specialized species of a family are found associated. 
Among these peculiar types are Pycnopodia, Ratkbunaster, several 
species of Pisaster, many species of Asteriinse, Demuuterias imbri- 
cota, Leptychaster {Glyphaster) anomalus, Pteraster tesselatus, 
BuHodester ritteri, etc 

Fuller lists will be given at the end of this woric, with more 
details of their distribution. 
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Class ASTBRIOmBA. 

MORPHOLOGICAL FEATURES. 

The Asterioidea* have a polygonal or star-shaped body, in whidi 
the rays are direct prolongations of the body itself, and contain exten- 
sioos of the body cavity and more or less of the viscera, especially one 
or more pairs of gonads and a pair of digestive glands ; generally, 
also, a lobe of the sa^ular stomadi. 

The skeleton is made up of large numbers of ossicles or plates, 
mostly articulated so as to be more or less movable, giving flexibility 
both to the rays and to the disk, tiiough in scHne species (certain 
Goniasteridjc) the flexibility is slight, except at the tips of the rajrs. 

The actinal side of the disk and rays has deep radial ambulacral 
grooves, extending to the tip of the rays. The roof of the groove 
is supported by the two rows of ambulacral ossicles, arranged like 
rafters, or in close, inverted V-shaped pairs of compressed plates or 
bars, between which there are rows of pores for the passage of the 
ambulacral feet.' 

In the middle Une of each ray and external to die ambulacral 
plates are situated the radial nerve and blood-vessel The radial 
water tube supplies water to the locomotive tubes through the 
medium of muscular ampulUc, usually double, situated internally 
above die ambulacral plates. In Brisingidse ampullse are lacking; 
in Echinasteridse they are single. 

There is no median row of calcareous plates covering the ambu- 
lacral areas and radial nerve and blood-vessel, such as exists in 
Ophiuroidea. 

The tip of each ray ends in a special terminal ocular, or apical, 
plate, supporting a p^ented ocellus, to which the radial nerve 
extends. Atxording to tiie studies of Fewkes, i88S, these are the 
first plates to appear in the 3roung. 

The grooves are bordered on each side by a row of plates caUed 
adambulacral, which always bear spines. 

•TUt ipdling of the name ii preferred became it is derived from Atttriat, 
not from Atttr, 

' In many paleozoic foasil starfiiliet the ambulacral plate* are not oppodte, 
in pairs, but alternate. Thlt rarelj occurs in existliv ipedei, thouj^ I have 
noticed it in Pycnopodia aa an abnormal variation in tome of the nya, and 
also that it may occur from lateral bending. 
<ao) 
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The mouth is central, dilatable, and surrounded by soft membrane. 
The so-called jaws are merely the adoral ambulacral and adambu- 
lacra) plates, more or less modified and coalesced; the " teeth " are 
only slightly modified adambulacral spines, in this woilc called perond 
spines. (See text-fig. 3.) 

The sttxnach is very saccular and usually evertible. It usually has 
a lobe and a pair of digestive glands extending into the cavity of each 
ray; but in the case of some multiple-rayed species {Heliaster), 
it has lobes corresponding only to the primary five rays. In this 
case the five sbxnwh-lobes do not enter the rays, but the pairs of 
digestive glands do. In some slender-rayed genera, also, the stomach 
is confined to the disk. The intestine is usually nearly or quite 
abortive and not functionally active. The so-called "anus" b a 
dorsal pore, chiefly for the discharge of secretions from the dorsal 
S^ds, or "cxcal appendages," probably nephridtal in function, 
and called nephridial glands in this work. 

Coammtdy there is a single pair of branched gonads in the proxi- 
mal part of each ray, with simple ducts discharging through a pair 
of interradial pores, which may be either ventral or dorsal. In cer- 
tain Brisingidx, Luidiidae, and in a few other families there are 
several pairs of gtmads and genital pores arranged serially along the 
ndes of each ray. 

The madreporite or madreporic plate is dorsal,' excentric, and 
onnmofily single, yet in some multiradiate species there may be sev- 
eral. It is an organ primarily for the purpose of eliminating the 
excess of absorbed water from the ambulacral tubes and body-cavity. 

The sides of the rays and disk are generally stqiported by two 
rows of marginal plates, usually larger or thicker than the other 
{dates, and commonly bearing special spines. They are called supra- 
marginals or superomarginals and inframai^;inal8 or infcromai^nals. 
(See text-fig. i.) 

The upper row is sometimes much reduced, or obsolete, and rarely 
both rows are lacking or rudimentary. These rows of plates belong 
to the primary system of plates, and extend to the apical plate of 
the rajrs, like the ambulacnd and adambulacral rows. 

Plates are constantly added to these rows by the budding in of 
new plates between the apical plate and the one next to it, the apical 
{date beii^ pushed farther outward and the ray lengthened at the 

'In some paleotoic fossil starfishes it is said to be ventral, but it is not so 
in any liTing ipcciei. The statement by Gregory (op. dt, p. ajS, 1900) that It 
la ventral in Atltrina is erroneous. 
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tame time. The first median dorsal plate of the rays appeaiB very 
early in the young, and the Brst marginals and adambulacraU soon 
after. 

In many genera and femiUes, but not in all, additional rows of 
plates may be interpolated between the marginal rows proximally, 
and are called iotennarginals ; or between the inferomarginals and 
the adambulacrals, when they are called interacttoals, intermediate 
actinals, or simply actinal plates.* These do not appeu very early in 
tiie young, and are often without spines. 

liiese interactinal and intennarginal plates do not belot^ to the 
primary system of plates, nor do they commonly reach the apical 
plate. Their new plates develop mostly at the tips of the rows, as 
the starfish grows larger, and new rows may be interpolated till thqr 
sometimes become very nomerous, in order to increase the size of 
the rays. 

The dorsal skeleton of the disk, in a five-rayed species, primarily 
has five basal radials (or first dorsals), five genitals, and five pairs 
of interradial plates, besides the plates that later bec(Hne the apical 
or ocular plates, and the centro-dorsal plate. By the interpdation of 
new ossicles and plates in various ways, tiie structure often beccmes 
very complex. 

On the rays we can usually distinguish a median or carinal row, 
extending from the basal radial to the apical plate. Other regular 
rows may develop each side of this (the dorso-laterals), or the whole 
surface may become covered with a tesselated arrangement, or a 
reticulated system of plates and transverse ossicles.* 

The dorsal plates, like the marginals and interactinals, commonly 
bear spines or small spinules, but they may be covered with granules, 
or with a smooth soft int^ument, or even appear quite naked, beii^ 
then covered only with a thin membrane. 

These plates and their armatures of spinules take several special 
names, according to their forms and structure, and are often char- 
acteristic of special genera and families and higher groups. 

When they become columnar or of bour'^lass shape, and have the 
summit covered with a radiating cluster of small slender spinules, 

'For more details of the rowi of platei vid their sequence, see bekiw, 
under the familj Asteriidx, and text-figure, i, i-iv. For the sequence in the 
early stages of the derelopmeiit of the primaiy plates, see J. W. Fewkes: 
On the Development of the Calcareous Plates of Asterias, 1888. 

'For more details of the skeletal plates, see the discussions under the sev- 
eral orders and familiei below, e^ecially under Forcipulata and Phaner- 
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tixy are called paxilbe. These are most typically formed in Astro- 
pecten, Luidia, and allied genera, and are characteristic of the sub- 
ntler PaxiUosa.* 

Pedicellaric of me or mn-e kinds are generally present, but are 
entirely lacking or very rare in certain families, such as the 
Solasteridse, Ecliinasteridae, Pterasteridx,' and in some genera of 
other fomilies. Their uses are imperfectly known. One use is to 
keq> the body free f rcHU dirt and parasites.* 

Another use, peili^s the most important, seems to be, acon'ding 
to ray own obserratitnis, to retain the discharged unfertilized ova 
until fertilization takes place, thus preventing ibdr dispersal and 
loss. This, however, needs further invest^tions on living starfishes. 

These curious organs are not found in other classes of Echino- 
derms, except in the Echincndea. In the latter they are commonly 
mounted on Icn^; stalks and generally have three valves, sometimes 
two to four or even more. 

In the Asterioidea they are usually sessile or (Order Fordpukwa) 
have very short pedicds, and they are most frequently bivalved. 

They are of several different types, which are commonly char- 
acteristic of the orders and families, and often of the genera. 

Sometimes tbtre may be bivalved, trivalved, four-valved, and 
five-valved ones on a sii^le specimen. (See below, under Der- 
masterias nnbricata, and pi. vi, ligs. 4, 5 P, i".). In some cases they 
are not really valvular, but consist of several movable spinules, 
arranged in convergent groups or opposed rows (pi, xxxiv, P. P.). 
The sessile valvular forms are generally situated over a pore, pene- 
trating a plate, for the passage of nerves, etc. (Pis. n-vii, xLvin.) 

The different kinds take special names. For further details of 
the pedicellarise and their special names, see below, under the sev- 
eral orders, and plates LXXV-uucxv. 

In nearly all species there are numerous small, soft, tubular out- 
growths from the body-wall, called papulse, serving for respiratory 
purposes. They may be in large groups, especially between the 

' For various other special iotmi and their names, tee below, nnder Phaner- 
ocona swd Valvulosa. 

* In the last two of these three families, and perhaps in the first, the mother 
carries and protects the tggt and yotug until they are able to provide for 
themselves. 

' The large bivalve pedicellariae of Hippatttria are very mnscniar. I have 
lifted a large living starfish of this kind, weighing about a pound, enttrdj oot 
of water by a toothpick, seized by the jaws of a dorsal pedicellaria. 
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dorsal and lateral ossicles, or stand singly, or tbey may occur only in 
special areas. Rarely they are branched. 

Most shallow-water starfishes that have been studied in this respect 
have a free-swimming, bilateral larval form, known as a brachiolaria ; 
yet a considerable number carry their eggs and young till they 
develop the starfish form, as explained above. These have an abbre- 
viated metamorphosis. The two methods may occur in different 
genera of the same family (e. g., Asteriida) . 

The embryology of the deep-sea species is unknown in most cases, 
and may be diverse, or even more abbreviated. 

CLASSIFICATION OF ASTERIOIDEA. 
In tliis report I have adopted the division of the class into three 
large orders, viz. : 

I. FORCIPULOSA or FORCZPULATA. 
IL SPINULOSA. 
m. PHANEROZONA. 

The last has two suborders, considered orders by some recent 
writers, viz. : 

L VALVULOSA or VALVATA. 
IL PAXILLOSA. 

Order PORCIPin,OSA VerriU, or FORCIPULATA Perrier. 
SttUmdm foreiptdata Pkuimi, Mim. Etoilei de Mcr, pp. 166, 188, iS^ti. 
PoreiptUata Pnmi, "ExgiA. ScL Tnv. ct Taliiman, p. 37, lE^ 
Atttritt AntbMlacrairtt Vicinix, Squellette des Stellirides, Arch. ZooL Expfr., 

ni,p.». *8!* 
Crypiotofuo ipart) Slush, Voy. Chall.. xxx, pp. xndv, jgff, i88g. 
Ad$topn*usia {part) and LtPlostroltria (fan) Slaiwn, op. cit, p. xxxir. 

The form is always stellate, often with long rays, commonly five, 
but often multiple. Ambulacral plates, except the orals, are usually 
short and closely crowded {leptostraterial), but not in Brisiogidse. 
The proximal pair b elongated and, except in Pedieellaster and a 
few others, forms tiie iimer end of the jaw. Ambulacral feet are 
generally arranged in four rows, — but in two rows in Pedicellas- 
teridx, Brisingidx, and Zoroasteridse. 

In seme lai^ species of Pisaster they may form six or more rows 
by crowding, especially subproximally. They are always terminated 
by suckers. 
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AdambuUcral plates are generally short and crowded, equal in 
number to the ambulacrals. They may each bear a single spine 
(vumaeoHthid) , or two q)ines {diptacantMd), or alternately one and 
two (subdiplacaHthid), or rarely three spines {triplacaitlMd) . 

The superior and inferior marginal plates are rather saaO 
{cryptosoniaT), bat are generally distinct and bear spines, often 
Icoger than those oo the dorsals. In some Brisingida oat row, or 
rarely both rows, may be laddng. They extend to the apical plate 
and increase in number during the whole period of growth by the 
addition of new plates next to the apical. 

The dorsal skeleton is variously constituted, but usually consists 
of plates and ossicles, often very unequal in size and form, so united 
as to move freely, leaving many papular areas between them. In 
some of the Brisingidx and in Pycnopodia the ossicles are mostly 
nearly abortive, roundish, and isolated in tile integument. 

The plates generally bear spines, either sii^y or in dusters; 
sometimes they are reduced nearly to the form of granules ; never 
paxilliform. The papulae may be few, or many in large dusters. 
They usually occur both on the dorsal and on the ventral surfaces, — 
adetopneusic arrangement 

The Forcipulosa, as the name indicates, are espedally character- 
ized by the presence of very peculiar, pincer-like, two-bladed pedicel- 
larise, usually of two forms, movably attached to the dermis of the 
^ines, or to the surface between, by means of lot^r or shorter 
flexible dermal pedicels. 

VARIOUS KINDS OF PEDICELI.ARLE. 

Except possibly in a few rare cases, and in quite immature sped- 
mens, at least one form of these is always present. 

Of the two prindpal forms, those known as fordpate or "minor 
pedicelionet" are the most abundant and occur most ccmstantly. 
Such pedicellarix do not occur on starfishes of any other order. 
Those nearest analc^ous occur on certain Echinoidea. 

In the larger kind, called "major pedieeUaria" by Stimpscm;' 

* I prefer to tue ordinarily the luunet fint given by Stimpson, in i86l, for 
tbe two principal fomu of pedicellaric^ vie, major ptdUtUarim and Minor 
Ptdictllaria. These tetma are saffidently descriptiTe, and not w liaUe to be 
confuMd as thofe propoaed later fay Herapath, though the latter have acme 
advantages. It ia dctirable, bowcTer, to have some additional ipeciai de- 
(Cfiptive temii for varietiet of each aort Either form nuQt be attached to 
the i^nes or to the general integument The miiior pedicelbric that aar- 
round spines in wreatha, may be called eircumupmat; those in smaller irregn- 
lar dusters on die spinea, tpiipttul; those attached to the eeneral (nrface of 
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" pediceUaires droites" by Perrier, 1869; and "foHiciform pedkd- 
loria" by Herapath, 1866, and by Sladen, iSSc^ the jaws are nearly 
straight, articulated at the base by a simple jcunt to a thick basal 
piece, so that they opea and close like forceps. These may be eitfier 
dennal or attached to the spines, either singly or in clusters; they 
often have short pedicels. In the Brisingida and in Ptdicellaster 
diey are usually lacking. (See pi. xlu, figs. 3-3rf; pi. xxx, etc.) 

The second kind, called " minor pediceUaria " by Stimpson, " pedi- 
ceUaires croisis" by Perrier, "crossed pediceUaria" by several 
writers, and " forcipiform pedieeUaria" by Her^iath, are usually 
much smaller and the blades are curved and crossed something like 
those of scissors, and so articulated that they open and close like 
scissors, tweezers, or pincers. These, like tfie others, may be attached 
directly to the tnt^ument, either singly or in clusters, or to the 
spines, to the pedicels of the larger forms, to saccular dermal 
growths around the spines, to the inner edge of the ambulacral 
grooves, or rarely even to the sucker-feet (See plates Lxxvi- 
Lxxxiv.) They are most commonly attached by slender and some- 
times long pedicels, and a^regated into wreaths or clusters on tiie 
spines. They are often so abundant, in the wreaths around the dorsal 
spines, that they nearly or quite conceal die spines and integument 
in living specimens. In some cases they are attached in large num- 
bers to dennal sheaths or sacks loosely surrounding the spines. They 
often have a formidable array of minute sharp denticles, and are 
frequently very characteristic of species. (See text-fig. 2.) 

FAMILIES AND SUBFAMILIES OF FORaPULOSA. 
This order now includes the followii^ families and subfomilies: 
Family ASTERIIDM. 
Subfamilies ASTERIINM; STICHASTERINM; PYCNO- 
PODIIN^; HELIASTERIN.E. 
Family ZOROASTERWM. 
Family PEDICELLASTERWM. 
Family BRISINGIDM. 
Subfamilies BRISINGINM; LABIDIASTERINM. (Type, 
Labidiaster Lntic.) 

the body are dtrmal; those oa a papular area are papular; those on the 
adambulacral spines or plates are odambitUKral Major pedicellaric majr also 
fregttently occur within the adambutacral grooves, attached to the inner sur- 
face of the adambulacral plates, where they may be called tntra-adambulacral. 
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FamOy ASTEEllDM Gray (emended). 
AtUmAa Quct, Ann. Mag. Nat Hut, n, p. 17S, 1840; SruvsU, ^ 1; 1866. 

Perrwr, Revii. StelL, Arch. Zool. Exper. et G«n., it, p. 303, 1873; Mfan. 

£toil«t de Mer, pp. 167, 198, 1896. Viguier, Sqndette det Sumridea, pp. 

93. SPft pl- T, figa. l-iOt li-ia, 1878L 
AxttrVAa (emended) + S'Hf AArMrufv Sudkk, Voyagv ChalL, xxx, n>- 4^ 

560^ 18S9. Perrier, Exp. Trav. et TaUaman, pp. 43, i(% 107. uS, i£^; 

Contrib. I'itnde dea Stelliridea Atlan. Nord, pp. as. 3i. 1896- 

Rays five to twenty or more, but most frequently five or six. 
Madreporic plate generally single in five-rayed and six-rayed forms, 
but often two cm- more in those with a variable number of rays. 
Dorsal and actinal plates various in form and arrangement Odonto- 
pbore usually formed of a single piece. Oral ambolacral plates 
elongated; those along the grooves become very short and com- 
pressed. Papulae occur both on the actinal and dorsal sides. Amtni- 
lacral feet usually crowded in four rows, sometimes more. Pedicel- 
lariae of two kinds are present Dorsal ossicles generally bear 
spines or spinules, various in size and kind, and sometimes granules. 
They are never true paxilla. 

The mouth is large; the stomach saccular and evertiUe; intestine 
rudimentary or abortive. A subcentral, dorsal pore (nephridial pore) 
is present, through which is discharged the secretion of the branched 
or lobular " rectal " or nephridial glands, which are usually unequal 
and often but two or three in number. This pore is usually called the 
" anal pore," but rarely, if ever, functions as an anus in this family. 
The intestine is nearly or quite abortive, in most cases. 

I. MORPHOLOGY OF THE OSSICLES. 

Aside frcun the ambulacra! and adambulacral plates, the skeleton 
of the rays consists of five fundamental or primary rows of osudes, 
viz., the ftuiiatt dorsal or carmaU; the two superomarginals; and the 
two aiferomorginaU. The latter may or may not be confined to the 
ventral side. (See fig. I, i) 

The ossicles of adjacent rows may be articulated directly by dielr 
lobes, or either large or small, simple connecting ossicles may inter- 
vene. 

This simple or primitive ^pe of skeleton is found in Heterasterias 
volsellata (Sla.), and in a few other species, especially when young. 

In most cases more or less numerous ossicles or rows of ossicles 
are interpolated during growth between the five primary rows, either 
above or below, or between Qie marginals, thus giving rise to many 
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Dkfrmm* icnenUicd to nivitntc profnaihn ontogmrt fa aad pfaTlocmetlc devclopmeiit 
o( the pbtc* aad ulna la the rkys of MaxAlbe* (J«tr4U>). Lcttcrinc u tollcwi; the 
primary rowi art ibwled! 

■trf, IfedliB donal or carinit row. n, Muiflul ron n', Intermiriiiul row. tm, 
SnperoBurcliul row. iM, Inferonuclml row. ad, AdunbnUcnl row. dim, Doml-innr- 
mtdtatc, mediD-latenl, or dorw-Utcrol rowi. f m po, Perictliikl row of pUtn. M, Snb- 
•etisBl row*. Tkcac and th« penethuli ir* the inttraettnal plate*, coUecUTclj. a. The 
oeola^ apical, or tecsina) plate 

L tht riiaphit ST moat prlmltlTe condition, coamaii in the roans; Dneomiiion in the 
•dote in which onljr tb« pnmaiy rowi of plate* ve dereloped. 

The loncimdlnal area betwee n arf and the next row ia called the perambulacral laiM or 
thamrntl; the apace betwe ea the narfinali («■) It called the Intennarflnal /an* or ckdnsd; 
Iba araa ncKt abo*a the npper marfinal ia called the inpraniarciiial luu or ckaimtl. Thetc 
" hnc* " or " ehannela " are ahraja croaacd br traairerae connectlTe oaalclea or by over- 
lappins lobca Of the platea, dMding them up Into larger or amaller papular araat, and ther 
nauUiF bear more or fewer of the larter pcdkellarla in the AaterlidB. 

U, The condition, mora adranced. la which the peractlnal row (p) and one medlo-lateral 
row (din) are dereloped. A ecoiman condition in the AateiiinB. Thii la called the ihho- 
adtea^tocU condition. 

Ul, A more advanced conditlan io whlcb an additional inleractinal row Cm, aubaetinal) 
and a aecond don^-tatcral or medlo-lateral row Itin} have appeared. 

It, a more complex alate, in which there arc two anbactmal rowi (m), and an Intcr- 
"">***' row (h'). 

Tbia la ■ conunoo candltion, but more medlo-Iateral rowi are often added, aa well u more 
anbactlnala, in anch genera a* Fitaittr, Bratttriai, etc. Thia ii called the ptlyacHfaplacid 
eondltioa. All tbeae plaica nanalljr bear a^iMa. one or more each. They maj be euHjr 
Tlaible or tbajr mtj be catirelr concealed bf a thick tooth ridn. The peraetinal or nb- 
actinal pMo^ when tbbi or amall. naj be dcttitate of aplne* and itand edgewiae, *o aa to 
ibow only the edge at the anrface, or they may be ao doaclj joined to the infaromartiaala 
at to require eltanina with potaib to be aeen. 
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different s^les of skeleton in the more complex genera. {Fig. i, 
ii-iv.) 

The carinal or median dwsal plates (md) usually remain distinct, 
but are often small and not easily reo^nizable. The superomar- 
ginals (JTfi) are nearly always easily recognizable, though small, and 
tbey generally bear ^ines larger than the dorsals. They never fonn 
a stout margin, as in the Paxillosa. 

The inferomaiipnal plates (tm, fig. i) are generally very evident 
and carry one or more rows of spines usually loiter or larger than 
tiie dorsals. They are usually separated from the superodorsals by a 
more or less wide, naked lateral lane or channel on which are rows 
of papular groups, and frequently many of the larger pedicellariae. 
In sonx cases one or more short intermediate rows of lateral plates 
(intermarginals, m'), bearing spines, may be interpolated in these 
areas, proximally. 

Both marginal rows normally reach the ocular or apical plate. The 
peractinal row (fig. i, pa) rarely actually touches the apical 
plate, and generally tzUa considerably short of it. 

This affords a useful character for distinguishing' the inferomar- 
ginal from the ftracHnai plates.* This name is proposed for the first 
or primary row of actinal plates. 

To designate collectively the rows of plates that may exist between 
the inferomarginals and the adambulacrals, I propose to use the term 
" interaetittals" in place of the longer one, " intermtdiatt actmalt" 
used by Sladen and others. I would do away with the use of the 
words " acti$uU sphus " or plates used by many writers as including 
tiie inferomai^rinals with the true actioals. Venirais may be less 
objectionable if such a collective name be needed, and is so used by 
Perrier and others. 

The upper marginal row of ossicles is usually pretty clearly 
defined by special spines. This superomaiginal row usually diverges 
from the lower one, or turns upward at the base of the rays, and 
may run a little upon the dorsal surface to join its counterpart on 
the next ray at the dorsal interradial angle or axil. The plates here 
called subactinals (text-fig. i, sa) appear later than the peracttnals. 
They are often lacking in the young, up to 30 to 50 mm. in diameter, 
even when they are present in the adult They often extend only on 
part of the ray, proximally. The number cA rows of these in large 
qwdes increases with the ^e. 

* It Menu deainble to have special and coavenieiit terms to dcaignalc the 
Mvenl leries of plates and *pinea in ti^ and related f 
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The row of actinal plates that unites with the adambulacrals, when 
tiiere are several rovrs, may be called synactinal, to indicate its func- 
tion. It may consist either of the peractinals or of subactinals. 

When these rows are very nrach alike in size and form, mistakes 
have often been made in descriptions, the peractiinal row having 
often been described as the inferomarginal row or vice versa, or else 
no distinction has been made by the earlier writers. 

The most positive criterion, in doubtful cases, is to trace these 
rows of plates to their origin. True marginal rows oripnate at the 
ocular plate; peractinals, when present, often terminate near the 
ocular; but other rows generally fail to reach the end of the ray. 

The inferomarginal plates may be directly joined to the adambu- 
lacrals by a lobe or apophysis, but more onnmonly there is at least 
one row of actinal plates between, and sometimes, besides this first 
or ptractinal row (pa), there may be one or more shorter rows of 
subactinal plates {so) interpolated proximally. All these plates 
usually bear spines, but in some cases all the interactinal plates are 
rudimentary and spineless. 

The secondary dorsal skeleton varies much, but is most commonly 
chiefly made up of unequal and more or less imbricated ossicles or 
lobulated plates, with the ends or lobes of adjacent plates over- 
typing, so as to leave rather wide p^mlar spaces between them. 
Or the plates may be broader, somewhat rhombic, lobed, and more 
closely imbricated, as in Sttehaster. In most cases, however, th^ 
are also united transversely by smaller ccomective ossicles. 

IL PEDICELLARLE OF THE ASTERIID£. 

Text-fignre a. 

Pedirallariae of both kinds are probably alwasn present in the 
normal adults, though on some individuals they may be few or 
lacking. 

The major or f orficulate pedicellarix are generally ovate or lanceo- 
late, sometimes wedge-shaped, stone-hammer-sluped, lyrate, or 
spatulate. The tips may be acute, plain, flat, or denticulate. 

They are mostly dermal, but may also occur on the ventral and oral 
spines, or along the inner edges of the grooves, or attached to pedi- 
cels in clusters within the grooves, or even on the pedicels of the 
ambulacral feet They may be of several sizes and forms on one 
specimen. 

Certain species of Stichaster, Coronaster, etc, have a peculiar very 
large form of dermal pedicellarix, often as thick as the spines, in 
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which the broad valves tenninate in a series of curved denticles, so 
that when closed the valves resemble a pair of clawed hands, or 
better still, a pair of clasped feet of a cat, with the claws protruded. 
These may be called felipedal or unguicuUUe, In many other cases 
similar gigantic pedicellariae have spatulate valves, with a smooth 
or denticulate edge. In Pisaster they are sessile, stout, erect, stone- 
faanuner-shaped or wedge-shaped, with serrate or unguiculate edges. 
(See jJ. XLix, figs. 3-3&.) 

These peculiar giant forms are usually accompanied by odiers of 
the ordinary ovate fomi, much smaller in size, and they are usually 
characteristic of special generic groups. But as such groups are 
sometimes widely separated, both morpholc^cally and get^aphi- 
cally, it is not unlikely that tiiese are survivals of a type of pedicel- 
larise that, at some remote period, was common to the whole family. 

The minor or fordpulate pedicellariae (text-fig. 2) generally form 
wreaths or large or small clusters on the spines, but they may 
also occur, either singly or in dusters, on the int^ument of the 
dorsal or lateral plates, on the pqnilar areas, and in other situations. 

m. RELATIVE IMPORTANCE OF UORFHOLOGICAL CHARACTERS 

IK ASTERIIDiE. 

Perrier, Sladen, Bell, and others who have divided this family, 
have differed considerably in their estimation of the relative impor- 
tance of the various morpho)(^caI characters. 

A. MOIWS OF GBOWTH AND INCREASE IN NDMBEK OP SKELETAL TLATBS. 
Text-figure i, i-iv. 
The number of ossicles and plates of nearly all kinds, except the 
primary radials and orals, and the oculars, increase continually dur- 
ing the entire growth of most starfishes. The size and age have no 
definite limit, so that unusually large specimens of any species may 
often occur with correspondingly increased numbers of plates and 
spines. Therefore the exact number of plates, say of marginals, is 
of no great importance, except when specimens of identical sizes or 
ages are compared. In the early stages of growth, the first dorsal 
plates that appear are the central, primary interradials, the radials, 
and the ocular plates. A little later the median dorsal radials and the 
marginals appear; and the commencement of a row between the 
upper mai^finals and median row often appears at the same time or a 
little later. The number of the plates in all the primary rows is 
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increased by the fonnadra of new plates between the apical terminal 
or ocular plate and the plate next to it, the oculars being forced 
farther away as the numbers and growth of the plates continue to 
increase. But besides the primary rows of plates, other rows and 
scattered ossicles may appear, to fill up the dermal spaces produced 
by the increasing diameter of the rays and disk. In some forms of 
starfishes this is acctnnplisbed largely by the rapid growth of the 
primary plates, which may thus become very large, but this produces 
a rather inflexible skeleton. In the Asteriidx flexilnlity seems to 
be an essential feature, especially as most of the species cling to 
irr^ular stones and similar objects, and rarely live habitually on 
smooth mud or sand. Therefore, the skeleton has come to be com- 
pleted in this group by the constant addition of small ossicles movably 
articulated between the rows of larger ones, especially on the dorsal 
surface, both loi^tudioally and transversely. 

These later interpolated ossicles may form regular or irregular 
longitudinal rows between the median and marginal rows, or they 
may be so interpolated as to form a more or less regular reticu- 
lation ; in other cases they may be entirely irr^;ular, with no deter- 
minate arrangement, seeming to be introduced wherever needed at 
the time. 

These variations in the modes of interpolation of the plates, 
together with their forms, which may vary from linear to broad, 
angular, lobate, and scale-like forms, contHned with variations in 
the spines, give rise to the great variety of structures and forms 
seen in the dorsal surface of starfishes of this family. 

Moreover, in most species, the rapid increase of the dorsal 
skeleton alone apparently does not give sufficient space for the 
rapidly growing internal organs, especially the reproductive organs, 
within the bases of the rays, and therefore new rows of plates (fig. 
I, iii, iv) must be interpolated between the inferomarginals and the 
adambulacrals, and sometimes between the upper and bwer mar- 
ginals, to increase the diameter of the rays. The roost constant of 
these rows is that which I have des^ated as the peractinal (pa). 
This row appears very early in many species and often nearly 
reaches the tip of the ray, but usually not quite to the ocular plate. 
But the other actinal rows (subactinals or interactinals) isa) are 
successively shorter and often do not reach the middle of tiie ray. 
The plates situated proximally in these rows appear earliest, and 
new ones are added at the distal end of each row. This is also the 
case with the interpolated dorsal and lateral rows. In many species. 
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as m tbose of Pisatttr, the nomber of interpolated mteractinal rows 
(jo) goes on mcreasing during the whole or most of the period of 
growth, so that in large q>ecimenB there may be four or five rows on 
each side. But in many other species the number of rows is fixed 
very early, the young, two inches in diameter, having as many rows 
as those six to eight inches in diameter, the subsequent increase in 
size being due to the enlargement of the plates and the formation 
of new ones dorsally and distally. But in many species with long, 
slender rays the peractinal plates alone are developed, and in a few 
even these are laddt^, or else so small as not to be visible exter- 
nally, as in Vrasterias UnckU, etc So, likewise, in other long-rayed 
species, the dorsal skeleton nuy lade more than one pair of interpo- 
lated rows of ossicles, as in Cosdnasteriar. 

B. INIERACTINAL PLATES AND SPINES. 
Text-figure t. 
The presence or absence of actinal plates and qnnes, and whether 
one row or several rows of these plates be developed, are characters 
that often seem to be of generic value. Those forms that have no 
such plates at maturity, or have only one imperfect row, are probably 
the more primitive ^pes, or at least they have pn^bly inherited and 
preserved this primitive character. The very young starfish in all 
the genera apparently has ooat of these plates, but acquires them 
as growth proceeds. They are lacking or rudimentary is Urasttrias, 
Distolasttrias, Stytoiterias, and some other groups. They exist in 
only one row in Orlkasterias, Coscmastmas, etc. In true Astenat 
and some other groups, one or two, or more, incomplete subactinal 
rows are usually added. In Evasleriat, Ptsaster, and Cotmatterias, 
two, three, or more rows are present In those species that have 
subactinal plates, these increase in number during the whole period 
of growth, and new rows may also be added continually. Never- 
theless these plates seem to afford moiphidogical characters of much 
value in classification, and they are usually comctdent with other 
special features. It is of great unportance that correct distinctions 
should be made between the actinal, inferomarginal, and supnmar- 
gmal plates and spines. This has not been done in most of the 
earlier descriptions. Side views of the rays are necessary to show 
these plates properly, but such views are rarely given. In many 
species they are without spines and so concealed by thick skin that 
they cannot be determined without preparation, and therefore are 
not visible in alcoholic specimens. 
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C. FCHUC AND ARKANGEUENT OF THE DOSSAL OSSICLES. 

The f<»in and arrangement of the dorsal ossicles vary considerably 
and often afford characters of much value Aside from the stidias- 
teria! arrangement, there are two main types, — the reticulate and 
the longitudinal, — in both of which the principal plates are lobed, 
substellate, or cruciform. The former, which is seen in true 
Asterias, Pisaster, etc., includes several subtypes, — as the stellate- 
reticulate, seen in Pisaster Hsstpinus; the areotate, seen in E. tro- 
schelU; and the irregular or indeterminate, seen in Asterkts vulgaris, 
A. rvbens, etc These variations depend partly upon variations in 
the forms of the plates and partly on their arrangement and the 
existence of supplementary ossicles, and especially on the size and the 
form of the papular areas. 

The abactinal skeleton of the longitudinal type may consist of 
only three rowp of stout dorsal pUtes, besides the marginals, with 
few or no 5Up[dementary ossicles, as in Coscinasterias ; or the 
median may alone remain distinct, as in some species of Urasterias. 
But in other related groups there may be five or more regular rows. 
These last have but three rows when quite young, so that the forms 
with three rows are probably more primitive. Urasterias may be 
still more primitive. Its skeleton is very likely a degenerate type. 
In the stidiasterial arrai^ement the plates become broader, more 
angular, and less lobed, and they are usually united directly together 
by their overlappii^ or adjacent edges in rather regular, longitu- 
dinal, imbricated rows; or they may have a tesselated arrangement. 
The intervening papular areas are consequently small and rather 
r^;ulariy arranged. 

D, DORSAL spines; PtHtH AND ASRANCEUENT. 
The number, form, and arrangement of the dorsal spines vary 
widely. Their arrai^;ement, when coincident with that of the plates, 
is a matter of much inqmrtance, but widely different appearances 
may occur in a single species, due to the variable number of spines 
that may occur on a single plate, combined with their variations in 
size and shape. No character is more likely to lead to mistakes in the 
determination of species and genera than the dfpeAtanct of the 
dorsal sfunes, especially in those groups which, like restricted 
Asterios, have very numerous ^ines with an indeterminate or 
irr^rular arrangement. But in f(»ins that have a limited number or 
rc^tar arrai^i'Knent of plates, the spines often conform strictly to 
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the plates, each plate bearing one or two spines, and then they may 
be very reliable guides, in case the ^>eciniens are adult. The number 
of plates or spines in a row, and often, also, the number of rows, 
increase with age. The supplementary or connective ossicles, when 
present, also increase with age, and may bear corresponding spines. 
Mr. Bell, in his arrangement (1881, p. 502), made a special dis- 
tinctim between those species that bear certain spines on isolated or 
special dermal ossicles (autacaiUhid) and those that bear ^ines only 
00 the r^^ular skeletal ossicles (typocanthid) . But the special der- 
mal ossicles, at least in most cases, seem to be merely new skeletal 
ossicles in process of formation, which are destined, a little later, 
to become articulated with the dder ossicles. Hence this character 
seems to be of little importance and variable according to the age of 
the specimens, in most species. 



Fia a. 

llinOT pedlcellarut of Pjcnopedia htUaillmdn (a, b) ; profile vim. X 14& 

The dorsal and marginal spines may be similar or dissimilar. The 
spines may be lai^e and long, or slender, short and thick, or capitate. 
They may stand singly on the plates, or tn groups, or they may be 
reduced to the form of small sptnules covering the plates in large 
ntunbers, or even nearly to granules, but they do not form paxiDse 
nor pseudopaxilUe. 

£. PEDICELLARLS; SPECIAL FORHS. 
Peculiar or mmsual forms of major pedicellarix occur on many 
species, and sometimes ^>ecies of the most diverse structures and 
belonging to widely separate faunae will agree in having some of 
the felipedal type, mentioned above. Such special forms of pedicel- 
larise are doubtless of great value for indicating community of origin 
and generic afGnity, when they occur on species that are otherwise 
structurally similar; but they must not be made to overshadow other 
structural features, for that would lead to absurd results, as bringing 
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tc^etfier such unlike fonns as CorOHoster of the North Atlantic and 
Stichasttr of the South Pacific — fonns that evidently belong to dis- 
tinct familiea. In the case of Pisasltr, our eight species, though so 
different in their dorsal spines, all have similar and peculiar erect, 
stout, unguiculate pedicellarix of a type rarely to be found in other 
groups. 

Some of the remaricable forms of pedicellariae are probably sur- 
vivals of such structures present in remote ancestors, common to this 
and the allied families in former geologic periods, rather than 
structures independently developed in diverse genera, now living in 
different oceans. Their complexity of structure seems to be too 
great to have arisen independently in modem times. 

F. UADREFORITE OR UAI«SPORIC PLATE, AND SURKOUNDING SPIHS3. 

Several writers have made considerable use of the character of 
this plate. In some of the species having more than six rays, or a 
variable number, there may be two or more madreporites. Such 
species are also, in most cases, subject to fissicm, as in Coscinasterias, 
Stephanasterias, etc. The number of madreporites is variable in 
each species of this kind, while closely related species may have but 
one. The madreporite is sometimes surrounded by a definite circle 
of special spines {echinoplaeid Bell),' but in closdy related species 
no such r^;ular circle of surrounding q>ines exists. 

In some cases different specimens of the same species may vaiy 
in this respect Therefore it cannot be considered a character of 
taort than specific value, and sometimes not even varietal. Bell, in 
his arrangement, E^ipears to have given too much importance to it 
The same remarks, as to variability, aj^ly to a naked groove or 
narrow channel that sometimes surrounds the plate. The relative 
position of the plate and the number and arrangement of its gyri 
vary in different species, and also greatly with age, but are of amae 
specific value in certain cases, as is also its cdar, in life. 

G. JAWS AND ORAL SPINES. 

Tejrt-figure 3. 

The jaws in this family consist of an apical jaw-plate, composed 

of the first and second pairs of adambulacral plates closely united 

* Among the northwettern American ipeciei that are lunaUr " tchmopladd ' 
are L. aqutMt, A. katkttina, A. acfrmta, L. *pichlora (variable), L, eoti, 
B. trotchttU (variable), etc In general, ipecie* with small and numeroaa 
■pines are apt to have this character. It it particnlarlj ctmapicnoos in Cotmaf 
ttriat hirida. 
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togetfier and usually bearing six oriU spines. The four tenninal 
spines {peroral spines or papilla) are directed more or less hori- 
zontally over the mouth (a, cf) ; the two outer ones (a') are diver- 
gent and smaller and are sometimes lacking. The outer angle of the 
jaw, formed by the second pair of adambulacral plates, bears an erect 
and usually longer pair of {epioral) spines {e, e). 

The characters of these oral spines and plates often afford good 
specific distinctions, and in some cases at least are of generic value; 
but they have not yet been described or figured with care, except in 
a comparatively small number of species, so that at present their 



OrtkotltTiai caH/ormica V., type i, A jaw; a, ■; ■*, a*, apicil or peroral ipiDca with |wdi- 
ocUtriB (t,f); *, t, cpiorau; a*, odd cpiorali x ij; u, an aduubulacral ipine. X i%. 

value is somewhat uncertain. In general characters they are remark- 
ably constant throughout this family, and is species that differ widely 
in other respects. This would indicate that their special arrangement 
has persisted for a very long period of time, for it must have been 
established before the world-wide dispersal of the family took place, 
and probably before the family itself was differentiated. 

In the calcareous peristomal ring the jaw-plates, formed by the 
union of two ambulacral plates, are usually more prominent than the 
plates alternating with them, known as the odontophores, formed by 
the union of two interambulacral plates. Such an arrangement is 
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called an " adambniacral jaw," and it is characteristic of the taBuij 

Asteriidx and of most other families of Forcipulosa. 

External to this proper jaw-plate are a series of two to ten or 
more pairs of adoral adambulacral plates, each pair closely pressed 
together (contingent), to form the adoral carina, which may be more 
or less ctmpressed and thin, and is longest in those species witb a 
large disk, like the Pilasters, in which it often contains ten or eleven 
pairs of united plates. The spines (adorals) borne on these plates 
are often longer than those bcjrond. 

H. AIUUfBDLACRAL SPINES; ABRANtZHBIfT. 

Much importance has been given by many writers to tiie number of 
adambulacral spines on each of the plates. Many species have regu- 
larly a single spine on each plate, thus forming a simple r^ular row 
(monacanthui) . Others have r^;ularly two ^ioes to a plate, form- 
tog two rows (diflacaHthid). But still more frequently the spines 
stand irregularly, one or two to a plate, or alternately one and two, 
{subdiplacanthid). In these the spines often appear to form three 
rows. In AUasterias Ver. the inner spine is situated h^er up within 
the groove, on alternate plates. 

In seme cases, as in Pisaster and Cosdnasterias, the nionacanthid 
condition is associated with other important characters, and in these 
it seems to be really of generic value; but it should not be used as a 
character of primary imp<Htance, nor by itself, for generic divisicms, 
for in some cases closely related species, or individuals of the same 
^>ecies, may differ in this respect.* Yet it is a character ordinarily 
early fixed in the young starfish, and therefore important. 

I. NUHBBR OF KAYS ; VASIABIUTY. 

The number of rays can only be used for subordinate purposes, 
for it is apt to vary sporadically, even in species that are the most 
constant, like Asterias vulgaris and A. forbesi of the Atlantic coast, 
in which we find, when vast numbers are examined, that a certain 
per cent will have six rays, and a smaller per cent seven rays and 
four rays, while eight-rayed and even nine-rayed examples may occur 
very rarely; but those cases with seven and more rays may, in most 
cases, be due to atmormal repairs after injury. 

In certain species of Leptasterias that carry their eggs and young 
till they reach the period of bottom life, the young carried by the 

"Thia U true of Coteimatttriat fmHU^Na and C. acutUpiiM (Stimp.). 
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same parent may have different numbers of rays. Thus those carried 
by six-rayed parents of L. epichtoro alaskensis, were found to be 
mostly six-rayed ; but about five per cent were five-rayed, and a few 
were four-rayed. (See below, and pL lxixv, figs, a, a-f.) 

In other species and genera the number of rays is extremely 
variable, as in Coscinasterias, where they vary indifferently, from six 
to eleven or more. In Pycnopodia, additional rays bud in between 
the older ones in pairs during growth, so that the adult may have 
twenty to twenty-four rays. This variation is complicated in most 
species of the former group, and in Stephatuutervu albula, by their 
remarkable habit of spontaneous fission (autotomy) and subsequent 
irregular replacement of the lost rays by each half. (See (4s. Lxxin 
and Lxxiv.) 

J. ARftANGEHENT OF THE AMBULACKAL FBBT OK SVCKBK-TUBXS. 

These are generally arranged in four crowded rows in each 
groove, or scnnetimes in two zigzag rows, oae on each side of the 
median line. But in many of the lai^er q>ecies with broad rays, as 
in the genus Pitasler, they may form six or even eight rows, espe- 
cially subproximally. Pycnopodia has four rows of sucker-feet sub- 
pr(»dmally, and two rows pnudmally and distally when adult. 

K. HCKCS op DEVELOFUSNT; BB0CH>ING (V THE YOUNG; POSITION OF 
THE GENITAL PORES. 

Two widely diverse methods of development occur in tfie 
Asteriidae, as described above (p. 7). So far as now known, those 
genera that carry or brood their eggs and young (ptedophoric species) 
also have their genital pores situated on the actinal side, near the 
mouth ; while those that disperse their minute eg^, and whose young 
undergo a prolonged, free-swimming larval existence, have the geni- 
tal pores in the dorsal interradial areas. It is probable that this dif- 
ference is the most important morphological character by which the 
family, or at least the Asteriinae, can be divided into large generic 
groups. Unfortunately this feature has not been noted ncn- studied 
except in the case of a small number of the genera and species, so that 
at present, it can be utilized only in a limited number of genera. 

CLASSIFICATION OF ASTERIIDJE. 
As defined above, the Asteriidse would include, as subfamilies, 
Asteriinx, Stichasterinx, Pycnopodiinae, and Heliasterinx^Helias- 
teridasSla. 
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SubfimUy HEUASTERINM. 

SubfamUjr Helitttttritur Vicunx. Familj HttiatUrids Ferrier; SUden. 

The Heliasteriiue do not seem to me to be worthy of more than 
subfamily rank. They agree with Asteriidfe in nearly all important 
structural characters. They differ mainly in having very numerous 
short ra3rs and a very broad disk, but in these respects they are 
closely approadied by Pycnopodia and Calasterias. Their dorsal, 
ventral, and ambulacral skeletons are distinctly like Asteriidas. The 
only distinctive characters of mudi value are the restriction of the 
stomach to the disk by a discobrachial septum, and the existence of 
double septa between the rays. 

The group, which includes only the genus Heliaster, is confined to 
Ac Pacific coast of America and the adjacent islands, from Chile to 
Lower California. (See H. L. Clark, op. cit., 1907, plates i-viii, for 
details of structure and descriptions of all the species.) 

SubfamUy PYCNOPODIINJE. 
For the characters of this subfamily, see below, p. 197. 

SubfamUy STICHASTERINM. 

The most developed foims of Stichasterinx,' e. g., Slichastir 
striatus = aurantiacus, have several regular rows of interactinal 
plates ; other fonns have only one or two rows. Sotnt of the Aa- 
teriin* (Cataslerias, Pisaster, etc.) also have from three to six rows 
of such plates. On the other hand, sc»ne forms of Stichasterinae 
{Stichastrella rosea, Stephanasterias albtUa, and Granasler) have 
the dorsal ossicles more or less irregularly arrat^^ ; and even the 
median row may not be distinct in S. albvla. In the latter the ven- 
tral plates bear longer spinules. Calasterias V. is an intermediate 
genus with multiple rays. 

The Stichasterime have, at present, no known representatives <m 
the northwestern coast, unless we so reckon the Stephanasterias 

^Stkhatter M. and Tr. (April, 1840) wai monotTpic Iti t3rpe wu 5'. atria- 
tut M. and Tr. = Aiieriat amraiHiaea Mcyen (not of Linni) = Tania atltmlica 
Graj (Sept, 1840). Tonia ii a complete lynonrm of Stichaittr, which hu 
about six monthi priority. The European spedea, A. rotta, usually referred 
to Stichoiter, and taken as iti type by many writera, is a distinct genus which, 
so far as I know, has no valid name. It may be called STICHASTBBLLA, 
S. rotta being the type. It has two or three rows of interactinal plate*; 
adambutacral plates hear two or three spines irregularly. Carinal rows of 
plates and spinules are unially distinct, but only by the slightly larger site 
of the plates. 
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sSivkt^ which is a very widely distributed North Atlantic and Arctic 
species, which has been found at moderate depths off the northern 
Alaskan coasts. I oHisider it oat of the Asteriinx, allied to Left- 
asterias. 

It is aatotcoQous while young, with a variable number of rays, but 
when large it is usually regularly stx-rayed. 

Tbe consideration of the importance of the stichasterial or imbri- 
cated arrangement of the dors^ ossicles early led to the separation of 
Stictuuler as a genus, and later as the type of a family, but perhaps 
even that character does not always indicate close affinity nor an 
identical origin, for it may have been developed independently in 
different regions and in distinct lines of descent. As a matter of 
fact, we find the greater number of the species, and those that are 
the larger and more typical, living in the Antarctic seas and on the 
southwestern coast of South America, while only a few rather small 
and less characteristic forms exist in northern seas. 

It is not unlikely that the northern forms, like S, rosea and S. 
tUbulo, originated entirely independently of those of Soath American 
seas, and should, therefore, be classed as distinct genera. This is 
indicated, moreover, by their morphological diaracters. S. albuja, 
especially, differs but little from seme forms of Lepasttrias, and may 
well have been deTe1<q>ed from some member of that or a similar 
group. Its embryok^ is not known. 

However, aU recent investigators admit that the stichasterial 
arrangement of the dorsal ossicles is at least of generic value.' 

Other variations in these plates may be of equal value. 

The discovery of many new generic and specific types intermediate 
between typical Stiehaster and Asterias, as already intimated, renders 
it difficult to define the limits of the two so-called families, typi- 
fied by these genera. 

•Thij is tbtAittriot atbula (Stimp.} =Stichtuttr albutus VeT.=St*phim. 
otttriat albuUi Vt:T.=Slickaster albi^ut Sladea := Nanasttr albuliu Perrier, 
1894, p. 131. It is found from tbe Arctic Oceu to Soath Carolina and Georgia, 
in deep water, on the east American cout, and ai a littoral apcdea it occnra 
aa for tonth as the B«7 of Fundy. It ia alio commoa oa the oorthem Euro- 
pean coaats. 

* Sladen has eren gone so far (op. dt, p. xxxvi, 1889) as to widely separate 
StichaiteridK and ZoroaateridK from tbe Asteriidc on this character, almoat 
exdniively, placing them between LinckiidK and Sola*tcrid»— familiea tbat do 
not belong to the Forcipniata. Thii seems to me a very unnatural arrange- 
ment, dne to overestimating the importance of the character of the dorsal 
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Sladen and Perrier disagree both as to the character and limits of 
the two groups, because certain genera and spedes present characters 
of both groups, or have intermediate characters. Therefore it 
seems necessary to reunite them in one family. However, it may 
be ccHivenient to retain the groups as subfamilies or sections with no 
very definite limits. 

A pseudostichasterial condition is sometimes produced by the 
existence of dusters of spinules in regular rows, on the transverse 
dorsal connective ossicles. This cannot always be determined with- 
out removing the investing integument. 

Perrier considered the characters of the dorsal spinules as of para- 
mount importance in this group. He would place all the genera with 
distinct spinules or spines in Asteriidse, and those with granule-like 
spinules in Stichasteridx ; * but in fact there are all intermediate 
gradations in the character of the armature, and it is often difficult 
to say whether these structures, in some species, should be called 
" granules " or " spinules." This seems to me a character only of 
specific value.* 

Subfamily ASTERIINJE. 
AMltriid^ (restr.) Slaion, op. dt., 430, 561^ i88g. Perrier, iSm, pp. lOSt 
ia8; i^ pp. 25-31. 

As here limited this subfamily corresponds nearly with the re- 
stricted family Asteriidx in the systems of Sladen and of Perrier. 

The Asteriinse' are chiefly characterized by the more or less 
openly reticulated arrangement of the dorsal and lateral ossicles, 
especially of the dorsal ossicles, which are usually more stellate or 
lobulate and more slender than in the Stichaster group, and generally 
tmited either by the ends of the lobes or apophyses, or else by means 
of interpolated ossicles, thus allowing more flexibility in the rays, and 
laiger papular areas. 

The StichasteriuEe, on the contrary, are chiefly characterized by the 
more or less regular subtesselated or imbricated arrangement of the 

* S. graeilij and S. aUmla, with other related forms, have definite spinet. 

'The gentu Caivasltriai Perrier, 1895, has ibout five leries of lobed and 
imbricated, flat dorsal plates, bearing few small short spines, and eatirely 
covered with a thick, naked, soft, canalicubted dermis. 

The character of the plating should cause it to be placed in the Sti- 
chasteritue. 

It is monacanthid and there is a row of small spiniferous, interactinal plates, 
at least in C. ilolidota Sla., of Chile and Oie Falkland blands. 

'This form of spelling the word seems Decessarr, because it is derived from 
Atttriat, oot from Asttr, 
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os^Ies, both on the sides and dwsal surface of the nys, the 
ossicles themselves bein^ brger, broader, and more rhombic, and 
usually united in more definite, longitudinal rows, with smaller and 
more r^^itlar intervenii^ papular areas. In dther group, as at 
present understood, the interactinal or ventral plates may have the 
rq^ular serial and subtesselated arraogement 

A. GENERIC SUBDIVISIONS OF ASTERIINjE. 

The genus Asterias, in the wider sense, as still used by many 
writers, includes a very large nimibcr and a great variety of species, 
found in all seas. Various attempts have been made to divide the 
genus into a number of genera or subgenera on structural char- 
acters, but hitherto there has been no general agreement arooi% 
writers, as to the number or limits of most of the subdivisions. Nor 
do I flatter myself that my own views will be altogether acceptable. 

One of the best known classifications hitherto proposed is that of 
Sladen.' 

He admitted, in the restricted family Asteriid« (our Asteriinae), 
five distinct genera, including Pycnopodia. Under Asterias he had 
six subgenera. Most of these are undoubtedly worthy of generic 
rank. One of them (Ltptasterias) had been proposed as a genus by 
the present writer, many years earlier, and another {Stolasterias} is 
essentially identical with our Cosdnoiterias, 1867. His subgenus 
HydrasUrias is evidently a distinct genus, peculiar to the deep seas, 
and has already been so rect^ized by Perrier and myself. Perrier, 
in a later work,' recognized all of Sladen's divisions as genera, but 
with the limits modified in some cases, and proposed four more 
generic subdivisions, some of which seem to have no great syste- 
matic value. This is particularly true of Diplasterias, separated 
from Asterias mainly <hi account of the two rc^lar rows of adambu- 
lacral spines, — a character that is variable tn this group and often of 
no more than specific importance, taken alone. Many species of 
Asterias have alternately one or two adambulacral spines, and others 
have irregularly one and two to a plate. C. tenuispina is generally 
strictly monacantfaid, but unusually large specimens usually bear two 
spines on a few of the plates prcndmally. 

Perrier, in the article referred to, reo^nized fifteen genera in the 
family. 

'Voyage ChaUenger, ZooL, xxx, pp. sSo-sfi^, 1889. 

' Expid. Sdeittif . du Travullnir et du Talianun, EdbinodcniKt, pp. 108, 
lag, 1894. 
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One of his diplacanthid genen (Podtutmas) had P. lUikem P«'. 
(not Asterias liitkenU Stiinpson) as its type, and is, therefore, of 
special interest in this connection. In a subsequent work * Perrier has 
added two nwre genera: Distolasterias, for D. sHchemtha (Sladen), 
separated from Stolasterias mainly on account of its two rows of 
adambulacral spines ; and ScUrasterias, for S. guernei Per., a new 
and peculiar type. But in this later scheme he has judiciously 
omitted Diplasterias (Perrier, turn Koehler, nee Lndwig). 

After a careful study of a large number of species, belongii^ to 
these varions divisions, I am convinced that several other genera or 
sul^;enera, based on structural characters of quite as much impor- 
tance, can be distinguished. 

As understood in this work, Ae genus Asterias {ty^ A. rvbens 
L.) will be used in a sense much more restricted than by Sladen. I 
pr(q>ose to keep separate, as genera, most of the groups called sub- 
genera by Sladen — as, for example, Cosmasterias, SmUasterias, 
Coscinasterias, Hydrasterias — and most of the groups more recently 
prc^wsed by Perrier. 

Some of these generic groups need to be modified in definition or 
extent, and others should be added. (See below, under Geographical 
Distribution, for the characters of antarctic genera.) 

I am well aware that many students of these starfishes do not 
think it worth while to subdivide Asterias, even to the extent that 
was done by Sladen and by Perrier. But in the case of so extensive 
a group, with a world-wide distribution, it will be practically impos- 
sible to intelligently study or discuss its evoluti(»i and di8tributi<Hi 
unless we reo>gnize the relationship between allied species by means 
of distinctive group-names for minor groups, recognizable by mor- 
phological characters. We should aim at a phyllogenetic classifica- 
tion, and this is more likely to be attained by the reo^ition of mor- 
phol(^cally similar groups of species than by an indiscriminate 
lumping of all these diverse forms in one great genus, ccmtaining 
perh^s two hundred species or more. 

B. SUBDIVISIONS OF THE ASTERHN^ HAVING DEFINITE LON- 
GITUDINAL ROWS OF DORSAL PLATES AND SPINEa 
AmcHig the numerous species in which the dorsal plates and spines 
have a constant and characteristic arrangement, there are several 
divisions, apparently of generic and subgeneric value. Several of 

* Contr. a I'^de des StellMdu de I'Atlantique Nord, Resultats des Cam- 
pagnes Sctentif., faits par Albert L Prince de Mtmaco, fai. xi, pp. 34. 35, iSjA 
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these are not yet known from tht northwestern coast, but are likely 
to occor hereafter, when more dredging shall have been done, and 
therefore it may be useful to give here a summary acoonnt of the 
principal groups of this kind. 

Gemis Cotdnutefias VerrilL 

CMemut»fia$ Vdull, Trans. Coon. Aod. ScL, i, p. 248, 1867. (T^pcv C. 

MMficdfa V.=i(7) C. ealaMoria (Lun.).) 
StolajUriai (.pars) Suusir, VoTsge ChslL, tdL xxx, ppl 563, 583, l88pi {TtP^ 

C. fmiHiMo.) Iftm Penier, 
CoMtMotttriat and Folyatl*nat Pmm, Exptd. Tnv. «t Tsliiman, p. ia6( 

1804. 

Body small, rays dongated, somewhat angular, usually carinate. 
DOTsal ossicles of the rays stout, four-lobed, usually arranged in 
three or five regular rows, besides the upper marginals, which form 
regular lateral rows. Actinal ossicles usually consist of one primary 
(peraptinal) row, like the lower marginals, but they may be rudi- 
mentary and spineless in half-grown specimens, and only bear spines 
in large, mature individuals, as in C. tenuispino. 

Minor pedicellarise are abundant Latge forficulate or major pedi- 
cellariae of the usual forms are present, often in considerable num- 
bers, on the dorsal and lateral plates, and smaller ones occur on 
the marginal areas. Large unguiculate pedicellarise are lacking. 
Adambulacral plates monacanthid or nearly so. Often autotomous; 
rays variable in number. Madreporites often two or more. 

StoUuterias, which was pr(^>osed as a sut^enus by Sladen in 1889, 
was nearly identical with Coscmasttrias, characterized by me in 1867. 
He gave no reason for changing the name. It should be r^;arded as 
a synonym of the latter and be eliminated. Sladen's type was 
A. tenuispina, which is a Cosdnasterias with the peractinal plates 
rudimentary and widiout spines, except in the latter specimens. 

M. Perrier (1894) correctly retained Cosdnasterias for the typical 
forms, like calamana, but separated those species that are known to 
undergo spontaneous fissim under the name of Polyasterias ^ 
typical Stolatterias Sla., though they do not appear to differ much 
in structure from the preceding, while he retained Stolasterias Sla., 
in a restricted sense, iot those allied to gladalis, althot^h C ttnui- 
spina was named by Sladen as the type. 

As C. tenuispino often divides spontaneously, it belongs to Poly- 
asttrias in Ferrier's arrangement This would make the latter 
strictly synonymous with Sladen's ^ical Stolasterias, which shotdd 
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be restricted to this type as a subgenus, if retained at all. The 
group including glacioHs had also been previoiisly named Marth- 
asterias by Jullien (Bull. Zool. Soc France). 

No species of typical Coscinasterias is known to me from the 
northwestern coast, but a species (C acuHspina Stimp., sp.), similar 
to C. tmuispma, and often having some diplacanthid at^bulacral 
plates, occurs at Ousima Island, Japan. It is autotomous. 

C TABLE OF EXTRAIIUITAL SPECIES OF COSaNASTERIAS 
AND CLOSELY ALLIED FORMS. 

A. More than one distinct row of dorsal spines (osuallr three rows). 

B. One row of peractinal spines and plates well developed. Rays yariaUe. 

six to twdre. Mostly fissiparoua. 
C Rays mostly seven to twelve. Adambnlacral spines strictly uniserial 
(monacanthtd). Lower marginals bear two spines each. Usually 
two or more madreporic plates are present 
C. mmricata (Vn.) i8^. (?=C. c^amaria.) 
C. ealamaria (Lau.). Australia; Indian Ocean. 
C. jthtnntiii (Pn.). Madagascar. (? = eafaMana, teste Sladen.) 
C tchinata (Gkay). Valparaiso. Rqv eight 
C gtmmifera (Pn.). Chile; Fiji Is. {1 =: tchittata.) 
C. (f)aittr {&ay). Rays twdve to thirteen. Five rows of dorsal 
spines (Gray). 
CC Some of the adambnlacral plates diplacanthid. Rays variaUe. 
C. acNttcpma (Stimp.), Onsima Island. 
C. Ittmufma Lam. (Large specimens.) 
BB. Mo interactinal spines ; peractinal plates rudimentaiT or lacking. 
AA. Only one row of large dorsal plates and spines. Adambulacral plates 



b. Rays mostly five to nine. Flssiparoua. Snbgcnns Stolasttriat (Sla. restr.), 
C. (S.) ttnmitpma (Lam.) when yonng. Eastern Atlantic; Brazil; 

West Indies. 
Variety atlottlifa (Via.). Bermuda; Cuba. 

bb. Rays constantly five or six. Type not fissiparoos. 

Morthatttriai (Juu) when young. Tjpt,M. glatMit (Mullmi). 

D. OBSERVATIONS ON VARIOUS GENERA, 
(jenus Heterastertas Verrill, nov. 
Type, Stobuteriat voUtUala Sla., Philippines. 
The rudimentary state of the dorsal skeleton and the lack of 
peractinal plates in the named species may entitle it to be con- 
sidered the type of a new generic division, as suggested by Sladen. 
This view is strengthened by reason of the presence of large ungui- 
culate dermal pedicellarise. In this character and in general appear- 
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ance it resembles Coronaster, but the latter has only two rows of 
atnbulacral feet I would st^gest Heterasterias, as a genus; tjrpe, 
H. voUellala. 

Genus Marthaaterias Jullien. 

Uarlhatleritu Jullisn, BalL Z00I. Soc France, p. 141, 187& 
Slokultrias (.tors) Sladkm, Voy. Oialleiiger, xxx, p. 563, tS8g. Perrier, Voy. 
TrsT. et Talism., pp. 108, log; R^ultals Camp. SdenL, i, p. 34 iSg6. 

Rays five, angular, normally with three dorsal radial rows, besides 
the superomarginal rows, of stout plates bearing large, mostly conical 
spines ; usually two on the superomarginals. Inferomai^al plates 
usually with two rows of spines. Adambulacral plates generally 
monacanthid, each plate with a single ^ine. Feractinal ossicles 
anall and without spines, scarcely visible externally.* When young 
it has only one row of dorsal spines, the median, developed; when 
very large there may sometimes be more than three rows. 

Besides the type, M. glacialis Miiller, this group includes 
a. africana, of South Africa, and M. rarispina (Perrier). 

The allied diplacanthid species were referred to another generic 
group (Distolaslerias) by Perrier. 

Genus Distoluterias Perrier. 
Dittolaslerias Pbbubi, R^ultata des Camp. Sdent, i, p. 34, 1896. 

This name was proposed by Perrier for a group of which Stol- 
asterios stichtaitha Sladen, of Japan, was the type. It is distin- 
guished from his Stolasierias=Morthasterias by the diplacanthid 
arrangement of the adambulacral spines ; and by having five or more 
regular close longitudinal rows of dorsal plates. The actinal plates 
are rudimentary and without spines. 

But the Stolasterias negUcta of Perrier ( 1896, p. 37, pi. i, figs. 2, 
2a, 4-4C) is diplacanthid and therefore does not go in that genus, as 
he defines it, for in the same work (op. cit., p. 35) he makes the 
genus monacanthid. In this respect neglecta is like his Distolasteritu 
(op. cit., p. 34), but the type of the latter has a much more complex 
dorsal skeleton, with five or more rows of dorsal plates and spines. 
S. neglecta apparently belongs with a group of which A. forreri Lor. 
may be taken as the type. 

' For description «nd figures of skeleton, see Viguier, op. cit., pp. 100-105, 
pL V, dgs. i-io, iftfl. 
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Genus Orthuterias Verrill, nor. 

Rays lon^, usually five, bearing three, five, or more dorsal rows 
of rather long spines, besides a superomarginal row <xi each side. 

Inferomarginals bear each one or two spines, usually two. One 
row of interactinal or peractinal plates, with or without ^ines, close 
to the adambulacrals ; the latter are dtplacanthid ; a short subactinal 
row may also occur rarely. 

Lateral and dorsal dermal pedicellarix are large, partly wedge- 
shaped or spatulate, often dentate, or unguiculate. Type, O. eohtm- 
bicma Ver., sp. nov. Also includes 0. dmvsoni Ver., nov. ; O. tanneri 
Ver.; O. hiordmaia Ver.; 0. calif ormea Ver., etc. 

Sul^enus Stylatteriai Verrill, nov. 
Type, S. forreri Lor. 

Dorsal plates in the adult usually in three regular rows, having 
eloi^ated spines. U^qwr and lower nundinal plates large and 
regular, with a well marked channel between, crossed by the large 
descending apophyses of the upper plates, and carrying papulae and 
large forfidform pedicellariae. Lower marginal plates close to the 
adambulacrals, each bearing one or two long spines. Peractinal 
plates lacking or rudimentary ; when present never bearing spines, 
and so small as to be easily overlooked, without dissection. Adam- 
bulacral spmes dtplacanthid. 

Arnoi^ other species that bdong to this group are the following: 
S. tnopia Ver., off Nova Scotia. 
S. negUeta (Per.), East Atlantic. 
S. ctmtorta (Per.), West Indica. 

Genus Cosnusterias Sladen, 1SS9. . 

This name was proposed for the group having as the first species, 
Asteritu (Cosmasterias) tomidata Sladen (op. dt., pi. cv, &:gs. &-10), 
and including also Asterias suldfera Perrier, 1869 = C. lurida (Phil- 
ippi). 1858. 

Perrier has adopted Cosmasterias with C. suleifero^ {Per.), from 
off Patagonia, etc., as the type. 

The genus is diplacanthid and has several r^fular rows of inter- 
actinal spines, but it has Urge, unguiculate or fdipedal, dermal, 

' For full synonymy and new descriptions of this species and C. tomidala, 
see Leipoldl, Asterioidea der Vettor Pisani Exped, 1895, pp. 553-563. See, also, 
below, under Geotcraphical Dtstributioa. 
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dorsal pediceUariae, not found in northern pdyactiiioplacid types. Its 
pritKtpal d<xsal plates are in r^:ular radial rows. 

This stmgests an independent line of development, and hence the 
groap may well recebe a dittinctiTe name. C. tomidata (Sla.), die 
type, was from Chile, in 45 fathoms. 

Somewhat similar, large, miguiculate or felipedal pedtcellarix 
occur on Stichaster polygrammus Sla., off Patagonia ; 6*. felifes Sla., 
South Africa; Stolasttrias volsellata Sla., Philippines; Corotuuter 
briartus (V.), Atlantic, and some other species.* In these they are 
not so sessile and r^dly erect as in Pisaster. Each of those species 
named is now referred to a distinct genus. 

E. TABLE OF PRINQPAL GENERA OF ASTERIIN£ WITH REGU- 
LAR LONGITUDINAL ROWS OF DORSAL PLATES AND 
SnNES. 

I. HOT HCHtE THAN ONE KOW OF BVIDBNT ACTINAL (PEKACTIKAL) 
PLATES, — HOHACTINOPLACID OS ANACTINOFLACID. 

A. Monaomthid, or nearlj 10. 

B. lUyi •lender, Tariftblc, moitlj nx to deren ; often more than two mtdre- 

poric plitci when adult; usually aatotomoui. 
C One (often inoomplete) row of actinal plates, closetjt united to adambu- 
lacrals, and usually bearing a simple row of spines (monactino- 
pladd). Major pedicelhuic larse, compressed, ovate or pointed. 
VatuSly three or five rows of donal platei and apines. 
a. Peractiiul spines usually present in the adulL 

Coscinasttrias Ver. Type, C. muricala Vcr, 
■a. Peractinal spines mostly absent 

Section Stolasterias (Sla.), restr. Type, C. (S.) teimiipvta. 
CC No visible actinal plates, the inferootarginala joining the adambulacrals 
(anactinopUdd). Only one row of dorsal plates — the median 
radials. Some large, unguiculate, dermal major pcdtcellarix ; some 
of thd plates may be diplacanthid. 
Heterastfritu Ver., nov. Type, H. voUtlioto (Sla.) 
BB. Rayi five or six, stout Three or five rows of strong dorsal plates and 
spines. No interactinal plates with apinea. Usually but one madre- 
poric plate ; rarely two. 
Uarlhasltrias JulUen. Type, U. glaeialu (HnU.). 
AA. Adambulacral plates mostly diplacanthid. 

D. No evident interactinal plates Qiat bear s^nes; if present, rudimentary, 
a. Five or more rows of stout dorsal plates and spines when adult Major 
pediceDaric not felipedal. 
DuioUuttriat Per. Type, D. ttickMtka (Sla.). 

'They often resemble, more or less, a pair of miniature clasped hands with 
fingers interlocked or two catspaws with dawi protruded and mterlocldng, 
and hence they m^ be called felipedal. The name of S. ftlipts Sia. refen 
to diii feature 
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ma. Only three rcgnlar rowii of doml platet with Qtoe*. 

StyUuUritu Ver., nor. Tyfe, S. forreriCLor.) . 
au. Umally only one row of donal plates (median) developed; tliejr are 
broad, covered with a thick channeled dermis. 
Seltrattwrima Per. Type, S. zm^nui Per. £. Atlantic. 
DD. One row of mteractioal plate* without or with tpinet (monactiao^add). 
Three to five or more rows of dorsal phttes and s^net. Major 
pedicellariK of two lands. Some compressed, lanceolate or ovate; 
others large, thick, spatoUte or wedge-sh^Md. Rays five or nx. 
Orthaiifriat Vtt., nov. Tjpe, 0. eplumbiana Ver„ nov. 

II. TWO OB HOSX SOWS OP ACTINAL PLATES AND SPINES 
(pOLYACTINOPLACro) . 

A. Diplacanthid. Special large dermal pedicellaric are ungoicnlate or feli- 

pedal, 
a. Spines vesiculated 

CotmatUrioj Shu C. lomidala (Sla.). 
aa. Spines not vesicnlated. 

Cotmasttriat lurida (Phil.) ^stUeif*ra Per. 

F. SUBDIVISIONS OF ASTERHNf WITH RETICULATED DORSAL 
SKELETONS. 
This large group presents fewer morpholo^cal chsracters for gen- 
eric and subgeneric dittinctkau than the last, and some of dtem 
present gradaticHis and intermediate coaditknis. However, if we 
separate the genus Pisaster and nmsider the large group to whidi 
Asttrias ntbens, A. vulgaris, and A. forbea belong as typical 
Asttrias, there will be left several more or less differentiated ^pes of 
structure. 

Genus Lq>taiteriaB VerrilL 
Type, L. mUUri (Sara.). 
This group, as separated by me, 1866, differs frcmi true Asterias 
plainly in having oaly a few large papulae in each cluster. Its 
typical q>ecies are L. miOeri, L. compta, L, tenera, etc In these 
the dorsal spines are slender and numerous and the interactinal spines 
are in one row (rarely two). The discovery of numerous additional 
spedes, of larger size, and havii^ more papulse, now renders it diffi- 
cult to make any sharp distinction, in this respect, between the two 
groups. Hence I have sometimes cotisidered it as of only sut^eneric 
value, and closely onmected with typical Asterias, Its typical species 
carry the large eggs and young attached to the oral ngion, and the 
development is direct or abbreviated. 
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Tbe most important generic feature is the fact that the genital 
pores are oa the actinal side,* between the pnndmal inferomai^inal 
plates, not dorsal, as in Astenas, The ovaries consist of compara- 
ttvdy few ^ax^ digitate or glomerate tuboles which, when filled 
with the lai^ ova, appear beaded. The genital ducts are short and 
wide. 

Genus Bvaattriu VerriU, nov. 
l>p^ £. trotduKi (StfanpMm). 

We may also distinguish this as a generic group, typified by 
A. troseMU. In this the dorsal [dates and ossicles are small and 
reticulated, while there are three or more regular rows of stout tnter- 
actinal qunes and plates. The increased number of rows of inter- 
actinal plates and their closer union are the principal distinctioos in 
this case, but the number of (dates varies with age, so that the young 
specimens are essentially like Asttriai in this respect 

Genus Uraateriaa Verrill. 

Plate uuc, GcoTca i-a. 

Type, V. Umckm (Ufifler aad Tnndid.} =A. tuOtMrnn Perrier. 

This tjrpe differs so nmdi in structure from all others named Hui 
it should probably be considered a distinct genus. 

The dorsal skeleton is very fedily developed, coasisting mostiy of 
small [dates and delicate shw^ rod-like or linear ossicles, united in 
aa irregular networic, with large meshes, but having a median 
radial row of rather larger, slightly lobed, spiniferoua [dates, and 
some similar lobed plates at the intersections of many of the meshes. 
The dorsal spines are slender, irregularly scattered, except the 
radials. Disk covered with a network of stouter, somewhat lobed 
ossicles, bearing solitary spines, and usually having in ^e type a 
larger flat plate, or group of sudi plates, at each interradial area, 
above, and extending to the lower sid^ and usually [>erforated by a 
pair of papular areas. This pectdiar group of plates seems to be 
made up of a considerable number of plates in the adult, often united 

*ThU ii trae alio of the gcntu Sporasttriat of loutheni South America and 
the AnUrctic Ocein, todndtiig S. antaretiea (Lutk.), the type^Atttriat 
ngUpiiu Stimp. = A. tpirabitu Bell = A. vario (Philippi) ; S. ruficola Ver.; 
and leveral other nomkul spedei; and prtriwbly, alio, of A. ttttdtri Per.; 
Anatttrias tkiropkora Lnd. ; A. belzictt Lud ; A. ptrritri (Stud.) ; Podatttriat 
UUktni (Per.); SlUhatttrnutrix (Stud.), whkh canr their yoonc in the ttnie 
or a limiUr nunoer. Tbqr are all antarctic. 
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together in youi^ specimens. Upper and lower margiiu] plates 
wide and stnmg, each bearing, in the young, a sii^e spine. The 
upper marginal plates have a large and wide descending lobe; these 
join die stout upper lobe of the inferomarginals, but leave wide 
papular areas between them, along the wide lateral channels. The 
upper marginals have small side lobes, which are united together 
longitudinally, by smaller narrow, interpolated spineless plates. 

Peractinal plates are small, or rudimentary without spines. The 
adambulacrals generally appear to be joined directly to the infero- 
marginals, but minute ossicles may intervene. Adambulacral plates 
diplacanthid or subdiplacanthid. (PL Lxx, fig. i.) 

Major pedicellariae are lai^ and numerous, especially between the 
inferomarginal spines and on the inner margins of die grooves, but 
also occur on the back. They are acute-ovate and a little com- 
pressed. The minor pedtcellarix are unusually lai^ and denticu- 
late; they form very lai^ pedicellate clusters, especially on the 
inferomarginal spines. Ambulacral pores and feet very large. 

The lack of distinct peractinal phdes and spines and the presence of 
the large interradial plates are veiy important morphological char- 
acters, aside from the feeble dorsal skeleton. The large size of the 
ambulacral pores is a notable feature. 

The type, U. Imckii = stetiionura (Per.), is found from Spitz- 
bergen to Nova Scotia.' Another arctic form, U. guHtteri (Dub. and 
Kor.), is closely allied and may be only a variety (teste Ludwig). 
One or both of these may very likely l>e found hereafter in Bering 
Sea, for they are probably drcumpolar. 

Another arctic species, U. panopla (Stuxberg) seems to be con- 
generic with U. Unckii. It has a similar, very feeble, reticulated dorsal 
skeleton, and lacks distinct peractinal plates and spines. Its proximal 
adambulacral plates in some cases bear three or four spines, but are 
mostly diplacanthid. The superomarginal and inf eromai^final plates 
are cruciform and are connected by a narrow, spineless, intermediate 
plate. The inferomaiginal ossicles usually bear two spines, scnne- 
times more in large examples. It is from Spitzbergen, Barents Sea, 
Kara Sea, Puimark, etc. It is remarkable for the great number 
and large size of the dorsal minor pedicellariae. 

* It hu been foimd u a touil abundant in the pcMtglacial cUy* at Salem, 
MuMchntetts. 
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Genas Pansterias Verrill, nov. 

Type, P. albtrtensit Verrill, Britiih Columbia. 

Five lays, (tout; dorsal plates openly reticulated, much as in 

Asterias; inteiactinal spines and plates lacking ; adambulacrals dipla^ 

canthtd. For more details see below, p. 187. 

Genus CtenasteriaB Verrill, nov. 
Type, C. tpilsbtrgentis (Dan. and Koren). 

Dorsal skeleton composed of an irregular networic of slender, but 
numerous, mostly transverse ossides, bearing large numbers of 
minute, uniform spines, arranged in transverse rows or ccMnbs cm 
the sides of the lays. Marginal spines in two double rows near 
t(^:ether. Adambulacral plates diplacanthid, or partly triplacantiiid. 
Two fonns of major pedicellarix; the larger tmta are lyrate or 
cylindrical and obtuse. A single row of small interactinal spines. 
Probably closely allied to Leptasterias. ReproducUon not known. 

C. cribaria (Stimpson) is pretty certainly identical with the type, 
which is from Spitzbergen. 

Genus AUaatnias VerrilL 
Tn>e, A. ratUnmi (VerriU). Bering Sea. 
Adambulacral spines alternately diplacanthid and triplacanthid, or 
monacanthid and diplacanthid; the inner spine of the latter alter- 
nate group is inserted <» an angle of the plate within the edge of the 
furrow. Dorsal skeleton <q>enly reticulated; superomarginal plates 
and spines f<Min an angular margin. 

Genus Sporasterias Penier. 
l>p^ S. QHtatctiea (Lfidc) s<4. imgitpi»a Stimp. (tote Leipoldt). 
Adambulacral spines regularly monacanthid. Dorsal skdeton 
irregularly reticulated, sometimes nearly as in some species of Left- 
asteritts, sometimes weakly developed.* Genital pores ventral; the 
e^s and young are carried over and around the mouth, as in Lept- 
tutmas. For details, see below, under Get^raphical Distribatun, p. 
ass- 
Genus Smilaiterias Sladen. 
Type, S. tealpriftra (Sladen). Off Patagonia, etc. 
Adambulacral plates diplacanthid or triplacanthid, the spines and 
these of the inferamarginal plates lai^, flat, and placed in transverse 
rows. Dorsal skeletoi irregularly reticulated witfi small spines. 

*In S. rupieola Ver., from Kergnelen Island, the dorsal akeleton » wdl 
devdoped, witb abort, stoat osaidet and nnmerona small ipinet. 
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Genus Mqrenasttr VerriU. 
Type, U. gtlatimotiu (Utjtn, i8|4)- Oiile. 
iltytnatltr Vmni, op. dt, 1913, p. 485. 

Adambulacral plates monacanthid; one row of larger interactinal 
qnnes on thick ovate plates, each in line with two similar spines on 
each infemnargnial plate; saperomaif;inaI [dates stout, each alter- 
nate one with a single large spine ; a wide intermarginal lane bearii% 
a r^rnlar row of papular areas, twice as many as superomar^nal 
spines, and many large pedicellarise. A row of median radial stout 
^ines, usually one on each alternate plate; in large ^)eciniens an 
intermediate imperfect row on each side; medto-latera! skeleton 
reticulated irr^ularly with numerous short, transverse and oblique 
ossicles defining five «* six irregular series of lai^ papular areas 
on each side. Central part of disk symmetrically stellate with a 
central and twelve surrounding spines, in type. Large, stout pedi- 
cellarix dorsal, lateral, and intra-ambutacral, compressed, ovate-tri- 
ai^ular, not unguiculate ; many very small acute, major pedicellariae 
on papular areas; minor pediccllarise abundant enlarge, broad, fieshy 
drcumspinal sheaths. A thick, stron^y canaliculated skin covers and 
conceals all the plates. 

G. ANALYTICAL TABLE OF THE GENERIC AND SUBGENERIC 
GROUPS OF NORTHERN ASTERHNJE HAVING RETICULATED 
DORSAL SKELETONS. 

A. Monacanthid Dorul akeletoa couselj rctkulate. lotermctiiial vine* 

and ouides wdl developed, in aereral rowt. Large nnguictilaW 
erect pedicellaric are present; rayi fire or lix. 
Pitatttr (Ag.). Type, P. ockractiu (Brandt). 
AA. Usually dipUcaothid, or ahenuUety dipUcanthid and mooactnthid, rardy 
tripUcanthid. Interactinal ^tes and vine* preient or absent, or 
radimentaiT. 

B. AdambnUcral spines confined to the oater or actinal ■nrface of the ptate. 
C Dorsal plates mostly angalar or lobed. Interactinal plates and ^ioea 

fonning at least one row (peractinal), nstully with other shorter 
proximal rows. Both rows of marginals well developed. 
Atttriat, sens exL 

D. Dorsolateral plates and transverse ossicles openly reticulated. 

a. Interactinal plates strong, closely united, or imbricated in three or more 
rows in the adult, bearing several regular close rows of nearijr 
uniform spines, like the inferomar^nals ; intervening papular areas 
small Two lands of major pedicellaris usually present Dorsal 
spines uncqital, several on a plate, reticulate or areolate. 
GeoDS EvaHericu V. Type, £. trotthtlH (St.). 
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aa. Intcncdnal platca not ao cIomIt nnhed; nsuslly one or two rowi, with 
larger pqnilar areas between. Major pedicetlaiw tunallr of bnt one 
land. Dortal qtiaes rather uregobrlr arranged, niualljr acattcredt 
lometimes areohtte or acenratc 

k Papular arcaa Urge, bearing numerotu imall papolK. Lame are tutiallr 
free-ewanming braduolarue ; genital porea donaL 
AttrriM, reitr. Trpe, A. mbtm L. 

bb. Papular area* amaUer and bearing fewer large papule Eggi and lam 
are nsnalljr carried by the mother around the month. No free 
laml stages; g«nital porea ventral. 
Gaiat, LtpuuUriat Vcr. TypK, L.mUUri {Sm). 

■ML InUrKtinal plates Uddng or ntdiuMfitary ; p^ular areas large, moMr- 
ous. 
PantUriai. nor. Type, P. albtrttntu Ver., nov. 

DD. Dorsolateral plates and oasides wide, irregular, rather closely joined, 
leaving only small papular areas in limgitndinal lines, but the 
ossicles do not form regular rows. AH die dorsal and marginal 
plates are covered with dose chisters of very small spines, longv 
oo the inferomarginal and inleractioal plates. AntotOBKnisi njrs 
mostly two or three to nine ; fioally six in adult 
SlepkoMtttriat Vtr. Type, 5. aJfraJn (Stimp.). Cirannpolar; North 
Atlantic; Bering Sea. 

CC Dorsal plates mostly rod-like. Interactinal plates small or mdimentary, 
mostiy spineless. Usually two Idoda erf major pediediaric 

c. Dorsal skeleton fedtlc, composed mostly of small, linear or roundish, iso- 
lated and reticulated ossicles. Dorsal ^inet few and mostly scat- 
tered, bnt uauaUy forming a median radial row. Both rows of mar- 
l^nal plates wdl devck^ed and rather larg^ bearing sin|^e or 
double rows of stout spines, s^arated by a wide lateral channel. 
Dermal major pediceUaris large and abundant, wedge-shaped. 
Minor pediceUaris abundant on the qiines and sldn, attached to a 
large fleshy sheath on the spines. Alternate snperomarpnals with- 
out spines. 
Vraslfrias Ver. Type, U. hmekU (MiilL and Trosch.). 

GC Dorsal skeleton composed of nearly unifbrm short linear rods, irregular^ 
reticulated, and covered with numerous small, miiform spinules, 
often in transverse rows or combs on the sides. Two rows oi 
marginal plates near together, in the type bearing double rows of 
spines. Larger major pedicellariv obtuse, large, 
CUmutmat Ver. nov. Type, C. tpitgbtrgfiuis (D. and K.). 

BB. The inner adambulacral spine, on alternate plates, is attached to the inner 
edge of the plate, or within the groove. Peractinal plates feebly 
developed or lacking. Dorsal spines small and numerous. 
AUatttriat Ver. Type, A. ratMmm V. 

R ASTERIIDvE OF THE NORTHWESTERN COAST OP AMERICA. 
This fauna! rcgim contains a remarkable as3emUag:e of the repre- 
sentatives of this family. A few species fr<Mn north of the Aleutian 
Islands are of arctic or circumpolar or^n, but most are endemic. 
The most remarkable genus is Pycnopodia, strictly confined to tiiis 
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region. The genus Pvsaster is here represented by seven or ei^t 
laige species, some of them being among the largest and most mas- 
sive starfishes known. It is doubtful if the restricted genus occurs in 
any other fauna. The genus Orthasterias, with seven or eight 
species, is uncommon elsewhere. Its nearest allies are Atlantic 
species and Dittolasterias of Japan. 

A large prtqx>rtion (fifteen) of tfie species of this region are 
normally six-rayed, which is a remarkable peculiari^. 

Over twenty nominal species of Asteriiiue had been dXnady de- 
scribed f rcHD the Northwest Coast, between southern California and 
the Arctic Ocean. In the collections studied by me there are about 
thirty additional species, besides twenty well-marked new varietal 
forms, or a total of about seventy. 

Probably no other fauna is so rich in species of this group.* It 
is not improbable, however, that some of the supposed species may 
prove to be only local varieties, when larger series can be carefully 
studied. This may possibly prove true of aome of the larger ionas 
described by Stimpson, allied to Pisaster ochraceus and P. capitatus, 
but on the other hand there are probably many additional species to 
be found by dredging in nxiderate depths. Nearly all the known 
species of this regi(»i are littoral or very shallow-water forms. 
Deep-water species are not described in this report 

I. ANALYTICAL TABLE OF THE GENERA, SUBGENERA, SPECIES, 
SUBSFEaES AND VARIETIES OF ASTERIID^ FROM THE 
NORTHWEST COAST OF AMERICA, 

1. Dorul •keleton contintioas, formed mostly of lobed pUtes and snuUler 

oBsicIei overUppins at tlie ead« ; dorul platei not iiolated. Raj% 
five or six, rarely more, nnleu antotomont. 

2. Admmbnlacral (pines all attached to the actinal face of the plates; none 

attached higher within the grooves. 

3. Adambnlacral spines in a single regular row, one to a plate, in the adnit 

(monacanthid). 

A. Interactinal plates present, at least in adults, and utnall; bearing spines. 

C Disk thick, rather large ; rays five or six, stout, thick at base. Dorsal os- 
sicles strong, nmnerout, not confined to three or five rows. Dorsal 
skeleton retictilate or irregular. Dorsal and lateral demul major 
pedicellaric sessile, large, stout, erect, ovoid or wedge-shaped, often 
nearly as thick as the spines, and usually strongly denticulated at 
the tips of the valres (nnguicnlate). 
Genus Pisasttr M. and Tr, p. 67. Type, P. oehraetut (Br.). 

'The only other region that can be compared with this ia the nnmber and 
varied of AsteriiuK is the southern coast of South America, especially arotmd 
Tlerra del Fnego and Patagonia, whence numerous genera and species have 
been described, mostly very unlike the northern forms. (See below, pL 351.) 
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D. Interactiiul oariclet nuineroiu, itont, dosdy tinlted In three to nx longi- 

tndittal rowi, asaaUr beuinc three to lix or more do*e rows of 
■trong actioal ipines. 

E. Dorsal spines arransed in a reticulate or areolate manner, or eUe grouped 

on the nodes ; but often forming a median row on the tsj%. Ra7> 
nonnaDy fn% (tout 

a. Dona] spines stout, coarse, Tcry nn«iiial, cajntate, Kcrrate, forming coih 

spicuooi aiqnilar rtticnlalions with or without notaUe nodular 
groups and often with median radial rows. 
P. ochracnu (Brandt), p. 68. Calif, to Middle Alaska. 
a'. Dorsal spinet mostly in very prominent nodes or dusters \ reticulations less 
conspicuous. 
Var. noiiftnu V., nor., p. 71. Calif, to Alaska. 
aa. Dorsal spines smalt, or nOttr small, acute or obtns^ not strongly capitatei 
usually forming evident reticntations. 

b. Dorsal spines exceedingly nmnerons, veiy small, obtuse or acnte, fomdng 

conspcttons reticDlations, with or widwot radial rowis and a cen- 
tral pentagon. Actinal spines itont, obtut<^ hot not s tr ong ly groored 
externally. 
P. eonferhts (Stimp.), p. 73. Calif, to Vancourer L 

bb. Dorsal spines small, slender, not very numerous, forming an openly reticu- 
lated pattern with a central pentagon and distinct median radial 
rows. Actinal s^nes ietftf gouge-shaped and often bifid. Duk 
Urge. 
P. iUti fm iu (Stimp.), p. j6. Oregon. 

EK Dorsal spines scattered, mostly without regular order, not reticulated, 
but sometimes forming radial rows. Rays usually stout, five or six. 

d. Rajra normally five. Dorsal spines large, with capitate or ovoid tips, not 

very numerous. 

e. Dorsal qmies few, large, nearly equal, obtuse or strongly caintate and 

radially striate. Rays short 
P. capilatiu (Stimp.), p. Si. S. California 

ee. Dorsal spines more numerous, unequal, the tips ovoid or subconic and 
striated, usually forming imperfect radial rows. Rays long, rotmded. 
Size large. 
P. UUktuii (Stimp.), p. S3. S. Calif, to Vancouver I. Var. tMutratit 
Ver., p. 8& 

dd. Rays normally six; dorsal spines very numerous, short, stout, conical, 
acute or obtuse, striated, nearly uniformly scattered ; no evident ra- 
dial rows. Interacdnal spines in four to six rows. Disk large. 
Siie large. 
P. pfdMt/tu (Stimp,). p. 89. 

DD. Interactinal ossicles fewer, usaaBy forming only two rows, and mosttjr 
beartiq; umple rows of spnes. Dorsal ossicles openly reticulated. 
Dorsal s^cs few. 

f. Rkj* nomally five. 

g. Dorsal spines rather sparse, short, thick, subconic, striated, scattered or 

clustered, with distinct median radial rows. Actinal spines short, 
obtuse, often flat, or sliglitly gouge-shaped at tip^ 
P. brtvitlrinMs (Stimp.), p. 77. S. Calif, to Vancouver I. 
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gC Rijf thidc and hi|fa at bate, npiiUjr tiered. Donal >pin«s few, itoo^ 

blttnt, or coniul, mostljr iiolated, but fomiing bnperfcct median 

radial rowa and a regular pentagon on tlw disk. Superomargiiial 

a^es one to a plate. Inferotnarginal row doable. L-arge dermal 

pediccIlariK nnmeroos, atotit, itone-luuiuner-itiaped. with lerrate 

jaw». 
P. papulotut Ver., p. 91. Paget Sd., Brit Columbia, 
ff. Ray* Dormalljr aix, rarely fire; more slender. Donal i^nea abort, ratbef 

namerona, obtntc or capitate, irreguUrly arranged, often in groupi 

of two or three. Interactinal a^ea in two or three rows. Major 

pedicellarije acute-triangular. 
P. grayi Vcr.:=katheritue Per. (no* Gray), p. 97. Or^on. 
CC Rara five; angular, nwre slender. Dorsal apinea in three or five regular 

rows. Dorsal oasiclei stout in longitudinal and transverse rows. 
h. One or two rows of interactinal platea and ^nes. Major pedicellarue 

iMtft, ovate; minor pedicellaric not very abondant. Superomar- 

gioal spines one to a ^ate. 
P. patevpiiuu (Stimp.), p. g& Calif, to Paget Sd. 
AA. Dorsal apines in three r^nlar rows, bearing dense snbapicat clttstert of 

minor pedicdlaric Snperomargtnal ^iiNS only on alternate plates. 

Ventral spines in two or three rowa. Interacthul plates fecUj 

developed. 
Uarlhatttriat ttrtnlifera (Xanta8),p. loa Gulf of Calif, to S. Diego. 
3'. Adambulacral spines two to a plate, arranged in two rows (diplacanthid) ; 

or else in irregular rowa, when some of the plates have one and 

some two spines (aubdiplacanthid). 
B. At least one row of visible interactinal plates generally present in adoha, 

often spineless; sometimes several dose rows. 

F. Dwsolateral platea rather small, narrow, strongly lobed, tisnallj reticulated 

or irregularlj arranged, and united by their own lobes and by 
smaller transverse ossicles. 

G. Inttfactinal platea usually form one long row (peractinal). mnch like the 

lower marginals, and one or two short proximal rows (snbactinals), 
but the latter may be mostly lacking or mdimentaiy, especially in 
the young, so that there may be only two simple rows of ventral 
spines ; or the lower marginals and peractinal rows may be douUed 
proximally, two or more spines standing on each plate; thus the 
number of actual rows of these spines may sranetimes be four or 
more. Donal ossicles variously arranged, most often openly reticu- 
late. Major pedicellariK usually small, ovate or lanceolate, aome- 
timea unguiculate. Rays normally five or aix. 

H. Doraal papular areas nsually large; papule small and numerous, in groups 
of twelve to fifty or more, in the adult. Size generally rather large. 
Larva of many, if not all, species is a free-swittuning brachiolario. 
Genital pores dorsaL 
Genus Atterias (L.), closely restricted, p. loi. 

i Rays normally five, ossicles and s^nes reticulate in arrangement 
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j, Rjvt 6n, rather loa(, rounded Priaurr domi ipinci few, •hort, stoat 
(a to 3 nun. Aide), capitate, formiog a mcdiaB row, wMi few 
irr^alarljr scattered onea of Binilar me and form. Two maq^nal 
and two tnteractiii^ regular, mottijr atmple, rowi of iliort, ttotit, 
blnot ipinet; tdambalacrab tabdipUcanthid. 
A. vitUtrianQ Ver, p. loa. Vancouver L 

jj. Kajs long, slender, acute; dorsal spines of moderate length, slender, 
fluted, mostly one to a plate, arranged in qtiinntnir, or in about 
keveo obscure aheroating rows; median row with longer tfuttt, 
ifistinct; botii maripnal rows ungk; peractinal row double, with 
^nes longer than marginals; major pediceUaria adambnbcral. 
rather laige, lanceolate. 
A. NOMtMHfuu Ver., p. 105. BriL Cohmibla. 

iL Ra^a normally six. 

k. Dtwsal ^ines very diTerse in form and sixe; primary ones very larg^ ir- 
regalariy placed, but not acemte, very stout (a to 4 mm), wiA 
nipple-shaped, sukated tips; smaller spines nnmctoos, unequal, 
capitate or round-b^ped, widi abondant minor pcdkdlaris. Mar- 
ginal and interactlnal spines smaller, in aboot four close rows 
^oximally; adambulacrals mostly two to a plate; the inner ones 
and furrow matgins bear abundant dusters of small major pedicel- 
lariK. 
A. fol^thtltt Ver., p. 104. Arctic O. 

Idc Primary dorsal spines not unusually Urge; not nipple-shaped 

L Aimary dorsal spines more or less uneqnsl, capitate; die larger usually 
acerrate or irregularly grouped PedicellariK small, numerous; 
major ones ovatc^ forming dusters on the adamholacral spines, a 
few also cd the interactina] areas. One complete row of peraetinal 
spines, separated from the adambolacrals by a naked sooe contain- 
ing papular areas. Snbacttnal spines form a short series, or may be 
laddng. 
A, aetrvata Stimp., p. 107. Bering Sea; Arctic O. 

U. Principal dorsal spines not very unequal nor distinctly acervatc: 

m. Dorsal spines rather small, iiregnlariy reticulated; adambulacrals sub- 
diplacanddd 
A. kathtrin^ Gray (mm Per.), p. Ita. Oregon; Gulf of Georgia. 

mm. Dorsal spines very numerous, in dJstinst radial rows, not very diverse in 
site, capitate, several on a plate; the median row crowded and 
more or less dostered ; both marginal rows doable; two inteiwtinal 
rows. 
A. mitlHtlava Ver., p. 114. Siberia. 

HH. P^inlar areas small; papobe few, large, mostly standing singly or in 
small granps of one to five, rarely ten or more. Dorsal [dates 
usually lobed and united by overlapping sometimes in radial rows. 
Adandmlacral spines alternately one or two to a j^ate, or else 
UseriaL Minor pedicdlaric as in Atttrw; targe, serrate, dermal 
ones may occur. Eggs and young usually carried in clusters around 
Ae moudi of die mother; genital pores ventraL Sice small. Rays 
normally five or six. 
Genus LtpuMtriat Ver^ in part, p. ii6l (See bdow, p. 6a) 
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I. Rayi nomullj five, lonKtunes varying individaany to (ix. 

n. Disk somewhat enlarged, thickeiied or depretied; rays not very slender; 
Bpinea unequal and uneven ; (uperot3»rpnal row mcxtly singlet 
inferomarginal row double. 

o. Disk and rays depressed; dorsal spines very nneqaal; larger ones caintate, 
formittg a prominent mediao radial row and irreguUriy linear 
groups; ventral spines all rather slender. 
£.. inegualis Ver., sp. nov., p. 117. Ores, Alaska. 

00. Disk thickened or plump; rays strongly convex; dorsal spines numerous 
capitate or clavat^ usually areolated, or arranged partly in dusters, 
often forming a median row ; marginal and peractinal si»nes thick- 
ened. 
L. tficUora (Br.), p. 133 (fire-rayed form). Aleutian Is. to Paget Sd. 

nn. Disk smaller, mys more slender or terete. Dorsal spines subequal, clus- 
tered, scattered, or somewhat in longitudinal rows. 

p. Dorsal spines not remarkably small; not in transverse lateral combs. At 
least one row of interactinal spines proximally. 

q. Rays very slender, terete; dorsal spines small, capitate, or clavate, numer- 
ous, mostly one or two to a platen not in nident rows. Ventral 
spines slender, both marginal and peractinal rows single; major 
pedicellaris large, with long spatulate blades. 
L. Uptalea Ver„ sp. nov., p. 119- Virgin Bay, AlasksL 

qq. Rays less slender. Dorsal spines small, clavate, in about three longitudi- 
nal rows, not crowded; both marginal rows regular and distinct 
the spines loi^fer and standing singly; interactinal row imperfect 
L, arctUa (Uurdoch). p. lao. Arctic O.; Bering Sea. 

pp. Dorsal spines very slender, numerous irregularly arranged ; superomargiaal 
and inferomarginal spines longer, mostly one to a plate, in regn- 
tar rows. 
L. epUUon mitiarit Ver., nov., p^ 138 (five-rayed form). British 
Columbia. 

PI9. Dorsal and marginal spines very numerous, small, subequal, arranged in 
close dusters, and largdy concealed by the large dense wreaths of 
minor pedicdlarite; marginal plates of both series have two or 
three small spines, nearly concealed by pedicdlariK. 
Ltptasttrias obtecta Ver., sp. nov., p. I44> Bering Sea. 

nnn. Dorsal and dorso-marginal spines very small, nomerous, nearly equal, 
the tatter arranged in transverse lines on the narrow ossides defin- 
ing large transverse papular areas. Minor pedicdlariie small, 
around bases of spines, not unusually abundant 
Ctenaittrias er^roria (Stimp.), p. 14S. Circumpolar; Bering Sea; 
Arctic O.; North Atlantic. 

n. Rays normally six, sometimes five or seven ; not autotomous. 

t. Disk small; rays slender, not enlarged at base; papulx few, sii^le or in 
small groups. Ambulacral pores of the usual size and form, more or 
less crowded, in four rows. 
Genus Ltplasterias Ver., in part, p. 116. (See above, p. 59.) 

t Dorsal sj^es small, slender, clavate, not crowded nor dustered, pretty 
regularly arranged in quincunx, surrounded bf thick wreaths of 
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pcdicdlarue; iiMrgiiul qrines longer; rows mostly nn^k; no 
penctmal spineft. 
L. eori Ver., sp. nov., p. 133. Off Berg Bay, AUsk&. 

tL Doml ipiDd longer, tcattered; one or two to a plate, except in evident 
median radial row. Inferomarginal row doable, two to a plate, 
longer than dorsals, subacute; superonurginal row aimplei three 
intcracdnal rowi proxunally, one spine to a plate. 
L. maeouM Ver., sp nov., p. 124. Vancouver I. 

ttt Dorsal ipnes mostly clustered, several on each plate. 

n. Rayi six or seven, elongated. Dorsal spines small, obtuse, amnged in 
five longitudinal ranges of groups, each group with three or four 
i^nes; others are on the transverse ossicles, so that they form "a 
vagae reticulation." Ventral spines in two rows, pointed, longer 
than adambulacrah. 
L. vaneouvtri (Per.), p; 135. Vancouver I. 

no. Dorsal spines small and numerous, sU of abont the same hdgbt, usually 
davate, obtuse, standing in crowded rows. Hari^nal and inter* 
actinal s^ea notaUy longer, forming three to five or more close 
rows. 

T. Dorsal spines small, slender, snbeqnal, mostly davate, not moch crowded, 
standing singly or in small groups on the ossides, forming median 
radial rows, and sometimes subradial series. Uajor pedicellariK 
few, rather large, long, ovate. 
L. hesaclit (St), p. ia6. Calif, to Brit Columbia. 

TV. Dorsal spines mostly capitate, very small and very numerous, standiiv in 
large groups on each plate, about equal in hdgfat, and thus pre- 
senting a nearly even surface. P^ular pores in nearly regular 
radial rows. Marginal and interactinal s^es much longer, often 
bent, numerous, arranged in regular rows. Peroral spines strong. 
L. aquatis (Sl), p. isS. Calif, to Puget Sd. 

w. Dorsal spines very short, equal, davate or capitate, crowded, many on each 
plate. Marginal and interactinal spines form about fonr rows. 
Rays short; obtuse. 
Var. tMttO Ver., nov., p. 13a. California; Oregon; British Columbia. 

WW. Dorsal spines very numerous and crowded on the plates, distinctly 
capitate, with rounded tips. Marginal and interactinal spines more 
numerous, forming five to dght rows, several on each plate. 
Var. compacta Ver., nov., p. 13a California. 

www. Dorsal spmea very numerous, crowded, the dusters arranged in three 
or five radial bands separated by rows of very distinct papular areas. 
Var. connnna Ver., nov., p. 133. California. 

rr. Rays normally six, sometimes five, of moderate length, thick or wide at 
base, not slender, rather obtuse; disk somewhat wide or swollen, 
skdeton firm; prindpal dorsal os^tes rather large. 

X. Dorsal ossides not very closely united, irregularly reticulated, covered with 
numerous short, mostly capitate or clavate spines, usually reticulate 
in amusement, often showing a more or less evident median row 
or band ; three rows of interactinal spines often present proximally 
in adnlt, only one In small specimens. Adambulacral s^nes irregu- 
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brir djplacanthid, crowded; mcker-feet mnncroni, crowded ia 
four rows. Larse. denticulate, dermal m^jor pcdicellarue often 
preient in adaK. Egg> and jovng carried b^ mother. Papnla 
often in dorial clusters of fire to twdve or more. 
L. epitMora (Br.), p> 13% Calif, to Aleutian I*. 

a. Rays conmwnlj' five; dorsal s^nca yaj nmncronS) very nneqoal, ■troagl)' 

capitate, acenratc. Median row not very eridettt 
Var. nbnodnioM Ver., nor., p. 1391 Wruigel, Alaska. 
aa. Says oonnaUy six. 

b. Sopcmmarginal t^et ttand two or three, or MMiMtimet more, to a ^te. 

c. Dorsal ^inca quite uneiinal in nze, monly capitate; arrangement mostly 

areolated or retkolated. 

d. Dorsal spines do not form a rery endent median row, and are not notaUy 

acerrate; reticulate arrangement conipknou ; larger ones ca^tate. 
Large denttcnlate dermal pedtccllari« often present, as well as the 
nsnal fonn; minor sort abundant 
SBbspedca alatkttuir Ver., nor., p. 136. Pnget Sd. to Aleutian Is. 
dd. Dorsal spines form an evident median row or band of latter spines. 

e. Dorsal spines numerous, mostly davate, not crowded, reticulate, wi6i Hie 

median radial row very eridcnt 
Var. corHMlIs Ver., nor., p. 137. Alaska. 

ee. Uedian radial dorsal spines decidedly larger, c^Htat^ odiers SBiall, 
crowded, reticulate and areolate. 
Var. tidtrta Ver., nor., p. 137. Pugct Sd to Aleutian Is, 

eee. Sometimes fire-rayed. Dorsal spines crowded, very small, slender, da- 
rate or slightly capitate; sereral small ones around each larger; 
median ones slightly Urger; superomarginals unequal, one larger 
and several smaller on a plate. 
Subspecies m ti H aru Vtr^ nor., p. t3flL Alaska. 

cc. Dorsal s^ei, mostly equal or snbeqnal, short, capitate, numerotia, 
crowded, areolate, often forming circles aroimd the pwnUr areas. 

t Dorsal spines are in fire or more evident radial band* separated by rows of 
large papular areas, several vines standing 00 each of the larger 
ossidea, median band evident, bat not prominent; tiiree to fonr or 
more spines on each snperomarginal plate; two on infcromarginaU, 
stouter; one on peractinsl, stout, davate. F^ular areas large. No 
large pedicellaric on Qrpe; 
Snbapedes fltna Ver., nor., p. 140^ British Ctdnmbia. 

ff. Dorsal spines rery eren, stout, ca^tatc^ crowdedly areolate^ but not forming 
crident rsdial rows; median row irregular or obscure; p^nltr areu 
coospicuons, but not in eridcnt radial rows; mostly three vines 
on superomarginal plates; two on inferomarginals, all similar and 
near together, darate, larger and longer than dorsals; peractinals 
simiUr. I^rge, erect, serrate major pedicdlari« common between 
marginal rows of spines. 
Subspecies pugtiana Ver., nor., 9. 143. Pnget Sd. 

bk Superomarginal spines mostly stand sin^y on the plates. A distincl 
dorsal median row. 
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g. Donal spinei imsU, nibeqtul, slender, davate. 

Var. rtgHlarit Ver., aov., p. ijsX Alula. 
■^ Donal (pinea short, maiiiiiiillifofiii, arranged aomewbat in rowt. 

Var. tMbrtgulorir Ver., nov., p. ijsk Alailca. 
XX. Dorsal and marginal osaides stoat closely tinited, overlapping; median 
doiaal radial row prominent, bearing the larger cwttate v>>>e> >n a 
coDSpicoous irregular row; other spines of the Urver sort form 
an irregular radial row cm each side ; infcromargiaal spines longer 
and larger, two or three to a plate ; tingk row of peractinala dml- 
lar. Disk is rather «rid^ dcpreased. 
Z.. ditpar Ver., nov., p. 143. Aleutian Is. 
GG. Interactinal and submarginal plates rather stont, lobate, closely joined in 
three to five regular longitudinal rows; each plate may bear ooc^ 
two or more spines, forming, in the adult, four to eight or more 
rows of uniform or similar ventral spines. Rays five, ronnded, 
usually long and tiered. Dorsal osaidea mostly reticulate. Papu- 
lar areas large. Unguiculate dorsal pediccllarise lacking, 
Genus Evatltrw Ver., nov., p. 151. 
L Rays five, gradually tapered. Dorsal spines numerous, nw^nat areolate 
or reticulate, often clustered; larger ones short, ca^tate or trao- 
cate; smaller ones acute, capitate or davate. Marginal vines in 
regular rows; longer than the dorsals; interactinal spines still 
longer, forming four to six or more regular dose rows, curving 
strongly upward prozimally; adoral spines dongated. 
£. frorcAclN (St.),p. 151. Calif, to Alaska. 
j. Dorsal spines acervate, or forming very evident nodular groups with larger 
central capitate spines, and often, also, a median row. 
Var. ttAnodota Ver., nov., p. 163. Puget S4 to Alaska. 
jj. Dorsal spines not acervate. 

It. Dorsal spina smaller, very numerous, mostly davate or subacute, few 
capitate, rou^, openly reticulate; papular areas large; numerous 
crowded interactinal spines. Sise large. 
Var. rudit Ver., nov., p. ijfl. Vancouver I., etc. 
kk. Dorsal qiines nearly all o^tate, not very uneqnaL 

L Dorsal spines ttearly uniform, capitate, forming dose reticulations, the 
spines in sin^e lines on the ossicles. 
Var. dtiua Ver., nov., p. 161. Vancouver L 
U. Rays of moderate length, dorsal s^nea all capitate, relicntetioiu coarae; 
both marginal rows of vmea simple or nearly so, spines not 
crowded; two or three actinal rows, not crowded. 
Var. ahMOlata Ver., nov., p. 161. Vancouver I. to Alaska. 
U^ Dorsal spines not very unoiual, nearly all slender, davate or subdavate, 
areolate, not acervate; marginals larger, snbcapitate. Pedicellaria 
numerous. 
Var. faniufma Ver., nov., p. 163, Alaska. 
it Rays five, kmg and large, acute at tips. Dorsal spines very mmerous, 
small, tmeqnal, Ac larger obtus& The smaller ones are mostly 
acute and arranged in dusters and short transverse lines or combs, 
producing an in^erfectly reticulate pattern, without distinct radial 
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rowv. Interactinml nnd labnuu^nal ■pinei form five or ux, mostly 
double, crowded rowi, with abont tight to ten in emdi traimene 
nnge, in the adult Proxiiul adambnlBcral •pine* much elongated. 
Size brge. 
£. acaiUhostoma Ver., sot., p. 165. Alaiki. 

FF. The dono-Uteral spines, or groups of spinnles, and more or leu of the 
pistes, have an evident amngemtnt in loogitndinal rows. Inter- 
actinal plates present or rarely absent; setdom more than one row. 

J. Dorsal platea strong, lobate, reticniated to as to form rather obvious 
longitudinal rows; papular areas usually luge, often nearly rec- 
tangular. Each of die principal plates usually bears a nngle rather 
large spine, rarely two, forming three to five or more dorsal rows 
of spines; smaller spines may occur on the intermediate tranivcrse 
ossicles. Marginal plates itout, bearing regular raws of spines, 
much like the dorsals. A row of similar peractinal plates, usually 
bearing a limple row of gjMnes, often spinelets, rarely lacking; some 
times a short row of subactinali proximally. Adambulacrals usually 
diplacanthid, sometimes lubdiplacanthid. Btajor pedtcellaric large; 
usually of two or more kinds ; the larger dermal ones denticulate, or 
unguiculate. Rayi five or six. 
Genus Ortkasttriat Ver., nov., p^ 168. Type, O. eoluMbiana Ver., 
sp. nov. 

K. A row of intersctinal plates is present, with or without spines ; they may 
be small and not visible unless dermis be removed. 

L. One row of peractinal spines, at least proximally; inferomarginals with 
two rows, making three ventral rows altogether. 

a. Rays normally five, rarely six, eloi^ted. 

b. Dorsal spines in at Irast five rows, besides some intermediate scattered 

ones 00 the connective ossicles ; papular areas rather small ; dorsal 
radial plates rather lai^ and thick, firmly united. 
C Five dorsal radial rows of spines obvious. 

d. Apical oral spines not notably enlarged. Dorsal spines obtuse and fluted. 

Wreaths of minor pedicellariie on thick dermal-sheaths, often above 
the middle of the spine. 

e. Adambulacral sinnes flattened; adoral spines longer, not very sIcDderj 

dorsal s^nea obtuse or tnmcat^ rough or fluted. 

O. colmmbiana Ver., sp. nov., p. 16S. Vancouver I. to Yakutat. 
Alaska. 
ee. Adambulacral spines all very slender and subequal; regularly diplacan- 
thid, strongly and evenly divergent, thus forming two remarlcably 
regular pectinate rows, those of the inner row usually horizontal 

O. biordUutta Ver., nov., p. 173. British Columbia, 
dd. A^cal oral ^nes notably stronger than others. Dorsal s^es tapered, 
not fluted. Minor pcdicelUri« are notably minute, forming dense 
basal eireum^nal wreaths. Major pedicdlariK are very large. 
Stout, often as thidc as spines, wedgeHMtved, erect, often dentic- 
ulate. 

O. eaUfomifa Ver, nov., p. 174. California. 
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cc. LongiMdioal rows of t^ts more thmn fire, not rtij obviotu, due to 
crowdingr; spines sppetx ai if in quincunx. 

f. Dorsal spines long, siender, slightly grooved. AdambuUcral ipbei 

■lender, orals longer. Major pedicellariz large, lanceolate, acnte, 
dentate at tip. 

O. kmhltri Lor., p. 175. Vancouver I. 
bb. Dorsal spines in three rows, long, not fluted; ossicles openlr reticaltled, 
leaving large papular areas ; spines of two inferomarginal rows and 
peractina] row slender, elongated, tapered; adambulacral sfHuea 
rather slender, tapered or slightly flattened. Major pedicellarije 
large. 

O. dawioni Vtt^ nov., p. 175. Brit Columbia. 
aa. Rajrs six, rounded and elongated. Dorsal spines large, in three or five 
rows, with smaller ones interpolated, all with a thick fleshy sheath 
(in alcohol) bearing a large wreath of minor pediceUariie at about 
mid-hei^t or above. Both marginal rows of spines are regular 
and mostly simple. A r^nlar penctinal row of spnes and in 
mature specimeni a short subactinal row proximally. 

O. mtrriami Ver., nor., p. I77- Alaska. 
m Penctinal spines generally lacking; the ossicles arc rudimentary or small; 
inferomarginala with two rows of spines. 

Subgenus Stylatttrioj Ver., nov., p. iTpt 

g. Dorsal spines mostly in three longitndinal rows, often with some scattered 

intermediate ones. 

h. Minor pedicellarix remarkably large and unguiculate, about half as long 
as major ones, forming large, loose, basal circnmspinal wreaths. 
Larger major pedicellaric often nearly aa stout as the spines. 

t. Spines long, inferomarginals in two rows and, like the outer adambulacral 
spines, often notably flattened and spatulate or gouge-shaped. Outer 
adambulacral spines are the larger; papular areas large; penctinal 
plates very sroaU. 
O. forreri (Lor.), p. 179. California. 

ii. Adambulacral plates and spines crowded; spines slender. Minor pedicel- 
larix remarkably large and abundant; dorsal ones in laige groups 
on the dermis and around bases of spines; dorso-lateral ossidet 
rather slender, openly reticulated; papular areas Urge; major pedi- 
cellariz very stout. 
Subspecies forcipftiata Ver., p. i8a British Columbia. 

hh. Minor pedicellarije not notably large ; they form large, dense, basal drcum- 
spinal wreaths; inferomarginal and adambulacral spines flattened, 
not notably spatulate nor strongly gouge-shaped. Dorsal spines 
well spaced, elongated, tapered, not fluted ; alternate superomarginal 
plates mostly spineless. 
0. gonoltna Ver., nov., p. 184. S. California to Gulf of Calif. 

gg. Dorsal spines in more than three rows; rays slender, terete. 

Dorsal spines in about Sve rows, long, nearly uniform, tapered; 
papular areas large; rays slender; inferomarginals t^iered, obtuse; 
adambulacrals small, slender, outer ones a little larger and longer, 
■Iqrhtly clavate. Major pedicellarise large, denticalaie. 
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O. Itpioltne Ver., nor^ pL 183. BriUtb Colnmbia. 

K. Mo vuible mtcndiiiml platea or ipuici. (See below, p. 6&) 
Genua DUtoUuttrias Per., m part, p. 1S5. 

Dorul ^inea mtmeroira, in about aeven to nine irregular alter- 
nating rows; ratber abort, fluted, blunt or cUvatc La^fer nwjor 
pediccllariK partly atoot, wedge-ibaped; partly elongated, ^atulate, 
unguicalate, with few large curved teeth. Adambolacral afunei 
■lender, crowded, regularly diptacanthid. 
D. ehtliftrtt Ver., nov., p. t8s Vancouver I. 

JJ. Doiso-lateral pbtea mostly wide, lobed, OTcrlapping or imbricated in few 
dote rowi (itidiBaterial arrangement), covered with dutten of 
minute apinoles. A distinct peractinal row of pUtea. Disk aroall, 
rays slender, aix in type. Ambulacra! porct unnanallr large, sub- 
triangular or cordate, not crowded. Doraal spines very amall, 
short, scattered, obtuse or clavate, a distinct median radial series. 
Sttnatttrias macropora Ver., p, 145- Alaska. 

BB. tDteractinal plates lacking or mdimentatr; no interactinal sinnes. 

U Dorsal skeleton weak, composed mostly of slender, openly reticulated 
ossicles, some of which do not unite in a ctmtinuoua skeleton. Dor- 
sal spines few, rather large, in few opta rows or scattered ; upper 
marginal spines regular and well separated from lower marginals; 
the latter with targe and long spines ; ahemate plates without spines. 
Minor pediceUaric large and very mmMroos, in sac cu lated wreaths 
or dostera. Size large. 
Genus Vnuttnat Ver., p. 187. Type, V. (iffcMi (U. and T.). Arctk; 
North Atlantic 

k Serenl open rows of long doml spines ; adambalacral plates not crowded ; 

lower marginal spinet large and well spaced; minor pedicdlaria 

not remarkably ]M%e ; bunched in large wreaths on the laig^ loose, 

saccular sheaths of the spines. Si« large. 

V. K»cki\ (M. and T.), p. 167 (extratimttal?). N. Atlantic and Arctic. 

HM. Dorsal skdeton well developed. 

c Dorso-laleral plates and ossicles openly reticulated. Rays regularly five, 
rather short, stout, depressed; dorsal spines numerous, small, 
■lender, obtose, arranged on small, slender, reticulated ossicles; no 
distioct median row; mar^nal spines usually two to a plate in both 
rows, in form like the dorsals, but rather longer; adambulacralt 
regularly diplacanthid. No interacttnals visible; 
Genus Paratttriat nov., p. 187. Type, P. aibtrtnuit Ver. Brit 
Columbia. 

cc Dorao-lateral spines and platca in more or less obvious loagitndEnal or 
transverse rows ; spines either soEtary or dnstered. 

d. Rays regularly five, targe and long; dorsal plates bear large and mostly 
solitary spines and large pedicellaric 
Genus Ditlolatttrw Per., in part, p. 1S5. (See above, p. 65.) 

dd. Rays slender, variable in number, due to autotomy; disk small; antoto- 
mous; finally six or five. Median and marginal plates little wider, 
imbricated in longitudinal rows; dorso-Iateral oasides and plates 
short, irregularly reticulated, bat leaving regular rows of papular 
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krema. AS the pUtei ue corered vrith ckne clncten of small, otuiy 
equal ipinnlei, longer beneath. PedicellariK of two aorta; dermal, 
not abnndaot; few on tpines. 

StepkanatUriat aibtUa (St), p. W- Circnmpolar; North Atlantic; 
Berins Sea. 
2* Tke imer adambnlacnl spine, on atteniate plates, U attached to a lobe of 
the inner edge of the plate, hi^er np within the groove. Dorsal 
tpioea small and nnmerons, scattered. Interactiaal platea feriilj 
developed or lacking. 

AUatteriot Ver., p. 188. Ttpc A. rathlmm Ver. Bering Sea. 
1 Dorsal ossicles imall, fonmng reticulations ; adambnlacral spines altematdr 
two and three to a plate. Soperomarginal spines dostered. Dermal 
major pediceUariK large and ntimeroas, pointed Rari five, wide, 
depressed; margin prominent 

A. rathbMni Ver., p^ 189. Bering Sea. See also, A. forScmhsa V., 
nov., p. 194. Japan, 
g. Inferomarginals not very stoat, flattened, bhmt, not deeply dianneled. 

Subipedes noriotumis Ver., p. 191. Bering Sea. 
gg. Inferomarginal and actinal spines stoat, channeled or gotige-ahaped. 

A. ancmala Ver., p, 1Q3. Siberia. 
r. Dona] skeleton incomplete or rudimentary; ossicles portly iaotated; dorsal 
surface covered t^ soft slda Disk large; rays multiple, variable 
in number, increasing with age by interpolation In pairs np to twenty 
to twenty-four in die adult Adambnlacral spines monacanthid. 
Marginal plates distinct Dorsal mtDor pedicdIariK in large clus- 
ters, dermal and epii^nal. 

Genus Pyenopodia Stimp., p. 197. Type, P. htUanthcidtt (Br.), p. ijlB. 
Calif, to Aleutian Islands. 

ASTERIIN^ : DESCRIPTIONS OF GENERA AND SPECIES. 

Genus Pisaiter A. Ag:aasiz, ex Muller and Troschel. 
Pitatttr MOixzK and Tkoschel, Syst Ast., p. aa, not^ 1843. A. Agasiix, 

North American Starfishes, p. g6, 1877 (type, oehractttt). 
Cotmatttriat {fan) Slaiwi, Voy. Challenger, xxx, p. 560, 1S76. 

Lai^ starfishes widi a thick and usually broad disk and either 
fire or six stout tapering rays. Adambulacral spines form a single 
r^ular row, one to each plate (monacanthid). Three to six rows 
of closely united or tesselated, thick actinal and lower marginal 
plates, bearing several close rows of stout ventral spines. The syn- 
actinal plates are closely united to the adambulacrzls. Oral r^on 
nsoally deeply sunken. Interbrachtal septa well developed. 

Special, very large, stout, erect, sessile, forficulate pedicellariae, 
with interlocking serrations at the ends of the valves (ungutculate), 
stand on the lateral channels, and often between tite actinal and 
dorsal ^ines; larger ones often stand in the interradial areas below. 

Dorsal skeletcn variable, but well developed, the ossicles generally 
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stout and openly reticulated. Dorsal spines few or many, and 
variously arrang:ed, often in reticulate or acervate patterns, but 
sometimes scattered or in irregular rows. 

One of the important structural features, characteristic of most 
of the species, is the increased number of rows of actinal plates and 
spines, and tiidr dose imbricated or tesselated arrangement; but 
in certain species (P. paputosus), otherwise related to the type, there 
are usually <Mily two rows of actinal plates that bear spines below the 
inferomarginal plates, as in typical Asterias; very large specimens 
may have more rows. 

But there is another character, perhaps, of more value, common to 
all the species from the Northwestern American Coast related to 
P. liitkemi and P. ochraceus, which seems to warrant the sqiaratioo 
of this group, as a distinct genus. This is the existence of the 
peculiar form of large, stout, erect, sessile, dermal pedicellariae, 
ovoid or wedge-shaped in form, with In-oad, unguiculate or denticu- 
lated, interlocking jaws. These occur especially along the naked 
spaces between the ventral and lateral spines, but they are also 
frequently found scattered between the dorsal spines, or between 
the bases of the actinal spines. They are often equal to the adjacent 
spines in diameter, but are much shorter. More slender, lanceolate 
or ovate, major pedicellarije, of the ordinary type, always coexist 
with these large forms, while the latter are not present on starfishes 
of the Asterias rvbetu type, nor on those belonging to most of ttie 
other divisions.* 

It is probable, therefore, that this group had its or^n upon the 
Pacific coast of North America, where it has subsequently had time 
enough to develop into many diverse species, some of which may 
have migrated to other regions and left descendants. This, then, is 
one of the most characteristic groups of this fauna, but it is not so 
strikingly peculiar as Pycnopodia and Dermasterias. 

Mr. A. Agassiz (1877) referred to the name Pisaster as having 
been proposed by Professor L. Agassiz, for the group of species 
allied to A. ochracea, but he did not consider the group as more than 
a subdivision of Asterias, thou^ he fully described the characteristic 
structures in the skeleton of P. ochraceus, as contrasted with a 
typical Asterias. MiUIer and Troschel had, however, proposed this 

*A few limilar large pedicellarue often occur on Leptastervu epicUora 
(Br.), but not on the other allied ipedea. Ther are often wanting, and mar 
be due to hybridiiing with P. othracfus, associated with it Similar large 
ones are found on Orikasteriat columbiana and allied spedea. 
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oame, for the same type, in 1843, but did not subsequently use it 
This name should, therefore, take precedence of all oUiers. whether 
it be considered a genus or a sut^^us. 
The mode of reproduction is unknown. 

PISASTER OCHRACEUS (Brandt) A. Agassiz. 
Plate XXI, figtuet i, a ; plate xux, figure* 3-34^ (pedicellaric) ; 
plate tvi, figures 3, 30 (variety). 
AtUtiu oehneea Bumr, Prod. Deicr. Aniin. Mertou, p. 69, iSsS- 
Atttriat jantkino BsANirr, op. dt., p. 65), 1835 (ducr. iniuffident ; color Tar. ?). 
Atttrias ochracta SnupsoK, Joum. Boiton Sot Nat Hist, vi, p. 87, pi. xxm, 
fi«. a, 1867. Verrill, Ttaat, Conn. Acad. Sd., i, pp. 325, 326, 1867. Whit- 
eavea, Tnna. Royal Soc. Canada, iv, p. 116^ i^. A. Agauiz, North 
Amer. Starfiahu, Hem. Mm. Comp. ZoSL, r, p. 9^ pL xi, figt. 1-7 
(atmctnre), 1877 {FUattir). H. L. Clark, op. dt, 1907, p. 67, pL vi, 
fig. 3 (Btrocturc). Lod), PubL Univ. CaliL, PhysioL, n, pp. 5-30, 1904 
(hybridtaation). 
Atttraeanthio* morgaritiftr MCtxn and TteacHiL, Syst, p. ao, 1843 (t 
BeU). 
Disk rather large, strongly reticulated by the prominent ossicles 
and spines ; rays normally five, sometimes six, stout, rapidly tapered. 
Two Alaskan specimens, differing considerably tn form, measure as 
follows: (a) lesser radius, 36 mm.; greater radius, 120 mm.; ratio, 
1:3.33; (b) lesser radius, 32 mm.; greater radius, 118 mm.; ratio, 
1:3.68. 

The dorsal sfunes are numerous, unequal in size, but nearly all 
are capitate; the Iai^;er ones are shcMt and stout, strongly capitate 
with flattened striated tops. They are arranged in short rows form- 
ing a conspicuously reticulated pattern, with large, deep, angular 
papular areas between them. They usually stand so closely in the 
rows that they nearly touch ; on tiie didc they form a conspicuous 
pentagon, endosii^ subordinate angular groups or partial reticula- 
tions and a central cluster. A zigz:^, irregular median row is often 
distinct on the basal part of the rays. The smaller spines are similar 
in form but not so stout ; they are partly grouped arotmd the lai^r 
ones, and partly serve to subdivide the primary reticulations. Each 
primary papular area usually contains several lai^ clusters of 
papulae. Large, short, very stout, obtuse, wedge-shaped, unguiculate, 
dermal major pedicellarise are more or less numerous on the dorsal 
surface, and still more so on the sides of the rays ; they are rather 
less in diameter than the adjacent spines. Those in the lateral chan- 
nels and interradial spaces are larger and stouter than the dorsal 
ones. Minor pedicellarise form wreaths around the bases of the 
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dorsal and lateral spines and also occur in dosten on die pq>alar 
areas. 

The interactinal spines iona four or five crowded rows; fbey are 
large, stout, mostly clavate, with obtuse, smaller, often flattened, 
striated or sulcated tips; those of the synactinal (inner) row are 
less stoat, but not shorter ; those of the interradial areas are longer 
and more funform. Toward the mouth the adambulacral rows of 
ossicles are prolonged as a narrow ridge to the sunken mouth, unac- 
companied by actinal spines. The actinal spines bear dusters of 
minute minor pediceUarix. The interactinal assides, as exposed in a 
denuded specimen, are small and dosely arranged in about five rows 
at the base of the arm, with some additimial ones irregulariy inter- 
polated. Large, pedicelled, lancedate major pedicellarix are attached 
within ibe margins of the furrows. The marginal spines are oqii- 
tate and striated like the dorsal spines. 

VARIATIONS. 

In the Museum of Comparative Zookigy I have seen two six- 
rayed spedmens (No. 1433) from Crescent City, Calif. These have 
the dorsal siMnes unusually numerous, and stronfj^y reticulated or 
areolated. 

Two specimens sent to me by Mr. J. F. Whiteaves, of the 
Canadian Geolc^ical Survey, trom Vancouver Island, are remarkable 
for their great size. They are ao to 23 indies in diameter. Radii of 
one are 75 mm. and 350 to 275 mm. ; ratios about i : 3.75. Radii of 
the odwr are 70 mm. and 240 to 260 mm. ; ratios about i : 3.6. The 
disk is abnormally flattened in both, by imperfect preservation. 

They agree with ordinary specimens in all essential features, 
except such as are naturally due to greater size. The dorsal spines 
are unequal and strongly dustered, but have lost more or less of 
their reticulated arrangement, except distally, owii^ to the breaking 
up of many of the lines of spines and the interpdation of new 
dusters. The spmes and pedicellariae are of the ordinary forms. 
The lai^e, serrate pediceUaiix are very abundant on the dorsal, 
lateral, and actinal surfaces. The lat^est are on the actinal inter- 
radial areas, where some equal the spines in diameter. 

Mr. Whiteaves also sent a short-rayed specimen, trom the Queen 
Charlotte Islands, which has the dorsal spines larger, more capitate, 
and more numerous than usual, so that they form very prominent 
nodular dusters and imperfect reticulations. Its lai^ ungutculate 
pedicdlariae are unusually abundant. (Var. nodifenu.) 
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In tbe same collection wis » Urge six-rayed qiedmen from Dis- 
covery Sound, 1885, wbidi differs in no other respect from the 
ordinary five-rayed specimen. A simiUr one, in onr coUectioo, ms 
collected near Monterey, Calif., by Dr. W. R. Coe. 

Tbe smallest specimeo that I have seen has tbe radii 14 nun. and 
41 mm.; ratio about 1:2.8. The disk is elevated. The dorsal sur- 
face is thickly covered with characteristic nodular groups and imper- 
fect rettculationa of capitate si»ncs, like those of larger spe cim ens, 
but smaller. On the disk they form t distinct stellate pentagon and a 
central cluster. 

The uiq>er raaiginal row is simfde. The inferomarginal row is 
double. There are also two ample rows of actinal spines; all these 
iomiing four very regular, dose-set rows of nearly equal obtose 
ventral spines. On the lateral diannds, proximally, there are a few 
of the large, erect, wedge-sbiy>ed pedicellarite, characteristic of the 
large specimens. 

Its <^(H- is variable, and often very sbowy ; most frequently it is 
dark or light orange, varyii^ to ydlow, to cbocol^e-brown, and to 
violet ; spines are paler. 

This is die most common of tbe species of PisasUr, from Mon- 
terey and San Frandsco to Sitka. In most places it is by far the 
most abundant large starfish of tin sborcs. It occurs at low tide 
among rocks and in shallow water. 

It was collected by the Harriman E:q>edition at Sitka, Virgin Bay, 
Wrangel, and other localities in southern Alaska. 

Mr, J. F. Whitcaves, of the Canadian Geok^cal Survey, formerly 
sent me specimens from tbe followii^: localities: Sooke, Vancouver 
Sound, one very large, ai inches across (Macoun, 1887) ; Barclay 
Sound, one very large, ao inches across (1887) ; Discovery Sound, 
<»ie large six-rayed example; odierwise normal (G. M. Dawson, 
1885) ; Queen Oiarlotte Islands (Dawson, 1885). 

I have also examined many spedmena from Victoria, B. C. ; Pt^et 
Sound; Tomales Bay; Monterey; Sao Luis Obtspo Bay; San 
Diego, Calif., and various other places on tbe coast of California. 
Its Bouthem range extends certainly to Santa Barbara, Calif., and 
probably beyond San Diego. 

This can scarcely be confounded with any other spedes, for its 
ccmspicuously anrvate and reticulate, aqntate dorsal spines are 
characteristic The reticulation of £. troscheUi and L. epicMora 
is ranch less con^icuous, and tbe former has more slender rays; 
but both, even when very youi^;, differ in having biserial adambu- 
lacral spines. Larger specimens could hardly be mistaken. 
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PISASTER OCHRACEUS, Var. NODIFERUS Verrill, dot. 
Plate ui, figures 3, 311. 

This name is proposed for that variety of this species which has 
the dorsal spines collected into large detached groups. 

The form is the same as in the typical reticulated variety, and 
^edmens occur of all sizes from two inches up to 3 foot or more in 
diameter. 

A strongly characterized small specimen from Monterey has the 
radii 16 mm. and 53 mm. ; ratio, i : 3^5. The dorsal ossicles are 
reticulate, but so many are without spines that the latter show no 
r^ular reticulate pattern. The Geological Survey of Canada sent me 
several specimens with the nodular character even more prominent 

The dorsal spines are all capitate and somewhat unequal; they 
form a conspicuous pentagon vrith a central cluster on the disk and 
five prontinent median radial rows proximally. Between the median 
and superomarginal rows there are ten to twelve large irregularly 
placed and very prominent clusters of agitate spines, with about 
five to eight spines in each group. 

The superomarginal spines form a simple regular row in the type; 
they are about equal in size to the dorsal spines, but more conical. 
The ventral and adambulacral spines and the pedicellariae are like 
those of the typical form. A very young specimen, also fn»n Mtm- 
terey, has the radii 8 mm. and 24 mm. ; ratio, i : 3. 

This small one agrees with the preceding in all essential characters, 
but the spines are correspondingly smaller and there are but two 
distinct rows of interactinal spines. The pentag<Hi <m the disk is well 
marked. 

This variety occurs commonly from Monterey, Calif., north to 
Sitka, Alaska. It is the predominating variety on stHne parts of the 
coast of British Columbia, on rocks at low tide. 

Six-rayed specimens are not very rare. 

HYBRIDS ? 

There are indications that this species may hybridize with 
L. epichlora and with others, for where they live associated, as at 
Sitka, specimens occur that seem to belot^ to Leptasterias epichlora, 
but have some of the characters of ochracetu, in a greater or less 
degree. 

One young L. epichlora from Wrangel, Alaska (var. subnodii- 
lota), has only five rays, and the dorsal spines are more strongly 
acervate and much larger than usual, giving it a close superficial 
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resemblaDce to the young of ochraceus, var. nodiferus, of similar size 
(diameter about 4 inches), but it has the biserial adambulactal 
spines and other characters of epichlora, and lacks the giant senate 
pedicellariae. (See under L. tpichlora, var. subnodulosa.) 

Other spedmens have these variations in less degree, and many 
have more or less of the giant lateral pedicellarix, which may indi- 
cate an infusion of ochraceus blood, so to speak, for they are not 
constantly present in epichlora and do not exist in the allied species. 

Where so many closely related species are associated tt^ether, as 
on the Alaskan coasts, occasional hybridization is to be expected. It 
is well known to occur on certain middle portions of the New Eng- 
land coast, between A. vulgaris and A. forbesi, where the ranges of 
these two species overlap, as well as their breeding seasons, as at 
Wood's HcAt and Vin^ard Sound, Mass., just south of Cape Cod. 

The Asleriai janthma Brandt (Prod., p. 269, 1835), probably 
described from a coktred drawing only, was so poorly characterized 
that no one has been able to identify it with certainty. Dr. Stimpson 
thought that it might be only a color-variety of ackraeens, and that 
is not unlikely, from Brandt's statement. His description was as 
follows: 

" A species quite similar to the preceding {ochraceus') but dif- 
ferent Diameter of tlie disk less, rays a little longer, with more 
numerous and more crowded spines, much more numerous in the 
center of the disk, and not f<Mining a pentagonal star. Back all light 
violaceus ; spines white." 

Tlie relative length of the rays in P. ochraceus is quite variable, 
and so is the number and arrai^^ement of Ae dorsal spines. Some 
of our Sitka and Vancouver Island specimens have the spines closely 
crowded. The color in most species of this group may vary between 
yellow, orange, red, and purple. This qtedes is often vi<det or 
purple, in life. 

PISASTER CONFERTUS (Stimpson). 
Plate xzxnn, figuret l, a (type) ; plate un, figure x 
AtUrias eimftrta Stimpsom, Froc Boiton So& Nat HUtory, vm, p. 363i i8<^ 
Verrill, Trsmi. Conn. AcaA Sci,, 1, p. 326, 1867. Perrier, lUvisioii, p. 
335 [71], 1875. Sladen, op. dt, p. 8aa BelL Proc ZoSL Soc London, 
p. 494, 1S81. WbiteavM, Trans. Royal Soc Canada, iv, p. 11^ 18^. De 
Lorit^ Mim. Soc Phys. et Hiit Nat, Genive, xxxn, part 2, p. 17, pL 
m, figs. t-iK, i8g7. 
Dr. Stimpson's original description was as follows : 
"Rays five, stout, rounded, and dilated at base; disc large. Pro- 
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portion of smaller to greater diameter, i : 3.5. Ambubcral furrows 
broad at At base of the ray, where the pores are crowded into six 
rows. Ambulacral spines in one r^^alar row, slender, conipFessed; 
subcylindrtc, as long as the ventral spines, somewhat taperii^, with 
bluntly-rounded tips. Ventral spines crowded, very numerous, in 
six or seven rows near the base of the ray ; short, subcylindric, a little 
bent outward, and slig^tiy flattened externally, with more or less 
longitudinal striation near the tip. Beyond the ventral spines there 
are no regular channels, but the surface is covered with pedicellarix 
and minute spines. The dorsal spines are numerous, equal in size, 
but very small, — not more than one-twentieth of aa inch in length, 
scarcely capitate, but more or less pointed. Tbey are uniformly dis- 
tributed over the disc and niys in a reticulatii^ manner, the inter- 
spaces being from one-tenth to one-half inch in diameter, and 
thickly crowded with groups of papulx and minor pedicellarix ; the 
latter generally onurring about the bases of the spines, but not 
fmniing wreaths (x crowns. The major pedicellarix are very short 
and stoat, r^ularly conical or somewhat wedge-shaped, with very 
broad valves. They are very numerous, particularly on the disc, 
where they often stand in groups of ten to twenty ti^ether. The 
largest are found isolated in the angles of the rays below, where one 
occurred having a diameter of eight-hundredths of an inch, and a 
rc^ixilarly conical form, with a square base. Diameter of our only 
q>ecimen, ten inches. 

" It is allied to A. ochracea, but differs in its more numerous 
spines, pedicellarisE, and ambulacral pores. 

" Habitat, Puget Sound — North West Boundary Commission. Dr. 
C. B. Kennerly." 

I have reproduced lai^ phott^raphs of the type of ti)is ^>ecies, 
now in the National Musenm. These were sent 1^ Dr. R. Rathbun. 
(See pi. xxxvin, ^s. i, 2, reduced.) 

In tfiis specimen the radii are about 45 mm. and 163 mm.; ratio, 
about as i : 3.6. The rays are thick at base and taper rapidly, though 
they differ omsidcrably in this respect, indicating that Uie skeleton 
in life is rather flexible and weak. The crowded six-rowed or eight- 
rowed arrangement of the proximal ambulacral pores is very evident. 
The slender adambulacral spines near the mouth are mudi longer 
tfian those farther out, as in seme other ^>ecies ; they stand singly 
on the plates, in one regular row. The ventral spines are pretty uni- 
form in size and form, and are nearly smooth and blunt ; they stand 
mostly in six rows proximally, but form only four or five rows at the 
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middle of the ny. Probably there are at least four rows of inter- 
actinal ossicles. 

The dorsal ^ines, as stated, are small, mostly subacute, and 
arranged in a distinctly areolated or retioilated pattern, many of 
them forming regular transverse or oblique rows or combs on the 
reticalatuig ossicles; but they differ rather more in size than indi- 
cated in the original description, scHne of them beii^ modi 
smaller, more slender and very acute. But they are far more tmi- 
form than in P. ochraceus. They do not form a definite median row. 
The dermal minor pedicellariae are numerous. The dorsal, sessile, 
dennal major pedicellariae are often larger than the spines on the 
dorsal surface, es[>ecially at the interbrachial angles above, and also 
below, and along the lateral channels. The actinal spines bear thidc 
dusters of minor pedicellariae on their outer sides. 

VAWATIONS. 

A specimen of this q>ecies from Malaqiina Inlet, oolL G. M. 
Dawson, 1885, received from the Geological Surrey of Canada 
through J. F. Whiteaves, agrees well with the type in most respects, 
but it has distinct radial bands of small spines. Radii, 28 mm. and 
no mm.; ratio, 1:4; but tf)e dried specimen is ccaisiderably flat- 
tened, due to imperfect preservation. 

The dorsal surface is very irregularly reticulated; the numerous 
small spines have a tendency in many parts to iorm rather long 
transverse or oblique rows. Most of the spines are short and blunt, 
or subacute, but some of the smaller ones are slender and very acute. 
Minor pedicellarise of very small sizes are exceedin^y abundant, 
both in wreaths around the bases of the spines and on all the inter- 
mediate surface. The superomarginal spines form a somewhat 
irregular band of small spines, scarcely latter than the dorsals, sev- 
eral standing on each ossicle. The tnf erotnarginal spines are similar, 
a trifle longer, blunt, and mostly striated distally, two often standing 
on one plate. The interactinal spines, which form three or four 
rows proximally, are similar in form, but increase in size toward the 
grooves. The adambnlacral spines are Imig, slender, and r^ularly 
tapered. The giant pedicellaris occur mostly on the interradial 
areas and lateral channds. Some of them are stouter than the inter- 
actinal spines, bat shorter. They are usually stout and blunt, very 
obtusely conical or blunt wedge-shaped, with slightly denticulate 
tips. The ambulacral pores are crowded into eight rows proximally. 
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M. de Loriol (op. cit., 1896, p. 17, pi. m, figs, i-ig) has described 
and figured a specunen, evidentiy of this species, from Vancouver 
Island. But bis general ^ure (i) nukes the dorsal reticulation 
much more r^fular than in the type, and the madreporic plate is put 
in the center of the disk, whicb is probaUy Ae fault of the artist. 

I have received several <^er very similar specimens from near 
Victoria (C F. Newcombe, coll.) and from Departure Bay (Geo- 
logical Survey of Canada). None of these agree perfectly with the 
type 

This species is rare in collections and seems to be known only from 
Puget Sound, Vancouver Island, and British Columbia, where it is 
said to be common. 

It is closely related to P. ochraceus and P, Ussipinus by the char- 
acter'of the ventral and adambulacral spiats, and by the reticulated 
dorsal surface. But the dorsal spinulation is even more like that of 
E. acoHthostoma V. The latter has much Iraiger rays, a much 
feebler skeleton, two rows of adambulacral spines, and lacks the very 
large, dentate, dermal pedicellariae. 

PISASTER FISSISPINUS (Stimpson). 

Plate XXXIX, Bgaiea i, a (tjrpe). 

Attfias itnsfina SiranoM, Ptcm:. Bostoo Soc Nat HisL, nn, p. 364, iSfia. 

VerriU, Trans. Coiia Acad Sd., i, p. 336, 1867. 
PUatter Atsitpina Viuill, Amer. Joum. Sd, xxrm, p. 63, >909- 
Dr. Stimpson's original description is as follows : 
" Five rays, short, and dilated at base; disc lai^. Proportion of 
the diameters, i : 3. Ambulacral pores near base of ray crowded, 
alternating, indistinctly six or eight rowed. Asnbalacral spines in 
one regular row, as long as the ventnds, and flattened on the outer 
side. Ventral spines sub-equal, stout, sub-cylindrical, truncated, with 
fissured tips, and a deep, longitudinal sulcus on the outer side ; they 
form five regular rows. The marginal dorsal spines are as lai^e as 
the v^trals, capitate, with striated sides and pinched tips, and form 
an irregular row, of much fewer spines than occur in a ventral row. 
The spines of the back are few in number, and of only half the size 
of the ventral spines. They are shaped like the marginal spines, 
from which they are not ordinarily distinct, and are arranged on 
reticulating ridges, forming a rather open net-work. On the disc 
they form a pentagon, from each ai^Ie of which extends a median 
row reaching to cme-third the length of the ray. Within the penta- 
gon, ckMe to its periphery, the madreporic plate b situated. The 
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dorsal spines increase in size toward the tips of the rays. Fornix 
ing groaps. Minor pedicellariae nearly as in ^. ochracea and A. ctm- 
ftrta; major pedicdlaria: smaller and far less numerous than in 
those species, but of similar shcnt and stout form. Diameter, thir- 
teen inches. 

" Habitat Shoalwater Bay, Oregon Coast Northern Pacific Rail- 
road Expedition. Dr. J, G. Cooper." 

Large photographs of the type of this species, which is still in the 
U. S. National Museum, were furnished by Dr. R. Rathbun. Tbey 
indicate that the average radii are 60 mm. and 170 mm.; ratio, 
about as i : 3.83. The rays taper rapidly from a broad disk. 

The slender adambnlacral spines are compressed and much 
crowded, one to a plate; The peractinal and synactinal spines are 
mostly gouge-shaped, though often bifid at tip; but on the distal half 
of the ray, many are only sulcate and flattened. The dorsal surface 
was very accurately described by Dr. Stimpson, as may be seen by 
comparison with our figures of his type. 

TUs species is more nearly allied to P. ockracens than to any 
other. It di£Fers in the peculiar gouge-shaped spines, in the more 
open reticulation of the dorsal skeleton, and in the much smaller and 
more slender dorsal spines. 

The locality given by Stinqtson is the only one positively known 
to me for this species. 

PISASTER BREVISPINUS (Stimpson). 
Plate zu, Bgma i, a (type); pbte xur, figures i, a; pUte ZLT, figure i; 

plate uux, figure 3 ; plate ucxti, figures i-ib (details). 
Atttriat brgvispma Stihpsom, Joum. Boston Soc. MaL Hist, n, pl 88^ pL 

xxm, fig. 3 (Tcntral spines), i857- 
Pitatter brtvwfvia Vnouix, Amer. Jonra. Sd., xxnn, p. 63> 1909- 
The original description by Dr. Stimpscm is as follows : 
" Rays five, each equalling in length twice the diameter of the disk. 
Upper surface covered with very short, blunt, nearly uniform spines, 
moderately numerous, sometimes forming an irregular row along 
the middle of the ray, and showing a tendency to reticulation on the 
sides. Beneath, there is a single row of slender ambulacra! spines, 
which are blunt and somewhat irregular in length; between these 
and tiie marginal channel there are four rows of short compressed 
spines, gouge-shaped, or notched by an oblique cmicavity at their 
truncated extremities. Madreporic body large. Color yellowish. 
Diameter, six inches. Taken from a sandy bottom in ten fathoms 
near the mouth of San Francisco Bay." 
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Dr. Ratbbim has sent neariy natural-Bize photographs of the 
original type of this species, which seems to be ahnost unknown in 
many later collections. 

The disk is of ratiier lai^e size and derated ; the five rays t^>er 
rapidly from rather wide and swollen bases. The radii are about 
30 mm. and 116 mm., if the photographs are correctly mariced as to 
reduction ; ratio, about as i : 3,87. 

The adambulacral spines are small and slender, mostly compressed, 
crowded in one row, one to a plate ; those near the mouth are longer. 

The inferomarginal and actinal spines are very much larger, rather 
short and very stout, mostly davate or subspatulat^ and with a 
deeply grooved or gouge-shaped tip ; but many are simply sulcate and 
little flattened. They form four or five crowded rows near the bases 
of the rays, the inferomarginals bearing two spines, but at about 
the middle they are reduced to three or four regular rows. Most of 
them bear close clusters of minor pedicellarite on tiieir outer side. 
The superomarginal spines are smaller, fusiform or subcorneal, sub- 
acute; they form a pretty regular row, separated from the infero- 
marginals by a rather wide channel 

The dorsal spines are short, tfiick, nearly equal, with conical, 
mostly subacute dps. They are rather insularly distributed, in 
short brc^en rows or sin^y ; tiiey form a sMnewhat evident median 
radial series, of two or three close irregularly alternating rows on 
the basal part of the rays ; on the sides many of them are in obliquely 
transverse short rows, and sometimes short longitudinal rows can 
be traced. They bear small basal groups of minor pedlcellariie. 
Dermal minor pedicellarix everywhere scattered between the spines. 
The sessile, dermal, major pedicellariae appear to be few and mostly 
along the submat^inal channel; they are rather small, short, sub- 
conic, obtuse, A few lanceolate, acute, major pedicellaridc occur 
along the edges of the ambulacral grooves. 

VARIATIONS. 
This species varies considerably in appearance, according to age, 
locality, and mode of preservation. When dried carefully, from 
alcohol, the disk is hi^ and convex, while the mouth and jaws are 
deeply sunken; the rays are stout and high at base but rapidly 
tapered. Iliere is usually a distinct median dorsal row of spines, 
simple in the younger specimens, but often double- or triple-ranked 
in the older ones. 
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On the medium-sized q>ecinwiis the pentagon of the disk is very 
evident, bat in large spedmens it is obscured by the numerous inter- 
polated scattered spines. In those about six to eight inches in 
diameter, the central plate, five radial, and five interradlal primary 
plates are evident Eadi bears a cluster, usually of four to six short, 
thick, davate spines, with ovate or acorn-shaped striated tips. They 
are similar, in size and form, to those of the median radial rows. 

Other somewhat smaller, but similar, spines are scattered within 
and around tlie primary pentagon, and over the dorsal surface gen- 
erally. But the dorsal spines are not numerous in the young. They 
do not form distinct rows, but are irregularly scattered, and are 
mostly pretty nearly equal in size and form. In the larger specimen, 
ten to twelve inches in diameter, the dorsal spines become decidedly 
more numerous, and many are grouped two to four or more on one 
plate. 

The superomarginal spines are similar to the dorsals, usually with 
rather more conical tips, which are strongly striated. They form a 
r^ular, close row, simide in the smaller spedmens, but often douUe 
proximally in the larger ones. 

The inferomarginal row is very regular and nearly always double, 
two spines standing obliquely on each plate, sometimes three in the 
laiger specimens. They are rather stouter and more obtuse than the 
upper marginals, usually with the tips striated in small specimens; 
but m the laiger ones diese spines mostly lose their striations, and 
many become more or less flattened distally, while some are apt to 
have a distal furrow on the upper side (" gouge-shaped "), though 
this is by no means constant. 

In nearly all the specimens there are but two simple, regular 
actinal rows of spines, making, with the inferomarginals, four close, 
unusually regular rows. The actinals are short and stout, similar 
to the inferomai^nals. In tbe larger specimens some of them are 
somewhat flattened, and some are often grooved or slj^tly bilobed 
distally. 

The adambulacral spines are slender, four or sometimes five corre- 
sponding to each synactinal plate. In young examples they are 
mostly regularly ti4)ered and form a very regular even row ; in the 
larger ones, many of them are often stouter, obtuse, cylindric, a 
little flattened, or even slightly davate. They beccRne longer proxi- 
mally, near the mouth. 

Major pedicellarise of rather large size occur on the back, sides, 
and interradial axils, on the adambulacral spines, and on the inner 



>y Google 



margins of the grooves. Those of the actinal side and ambulacral 
furrows are mostly acute-lanceolate or acuminate, compressed, with 
the sharp curved tips often overlapping. They often exceed the 
adambulacral spines in diameter. Those of the dorsal surface are 
shorter, stouter, ovate, with narrow obtuse tips, which are slightly 
dentictilate. Those on the intermaiginal furrow are largest and 
stoutest, with stronger denticulations. 

Minor pedicellariae are very small. They form small wreaths 
around most of the dorsal spines, and clusters on the outside of the 
ventral ones; small clusters also occur on the inside mai^in of the 
adambulacral plates and on some the larger major pedicellariae. On 
the dorsal surface they form mostly rather small clusters, pretty 
evenly scattered over the whole surface; in large specimens they 
often become very numerous and pretty evenly distributed. 

The papulx are very small and apparently not very numerous, 
except in large examples. The int^tunent is thick and firm, so that 
it conceals the outlines of the plates. 

The mouth is deeply sunken. The jaws are elongated, narrow or 
much compressed, nearly perpendicular within; the adoral spines 
form two close rows of about eight each ; tlie apical oral spines are 
rather stouter than tlte rest; there is often but one to a jaw. 

The color, in the only case noted, was pale purple or pink. 

A good specimen from off Monterey, Calif. (No. 1829a, M. C. Z.), 
differs somewhat from all the others. Radii, 33 mm. and 130 mm. ; 
height in middle, 40 mm. 

The central and ten primary radial and interradial plates are 
covered with clusters of short capitate spines with obtuse tips, about 
eight to ten in a duster. About ten smaller plates within the pen- 
tagon are indicated by small clusters of simple ^ines. The median 
radial rows are conspicuous. On the proximal third of the rays they 
mostly contain three regular rows of spines; further out the three 
rows are less regular. On the distal fourth there is usually but one 
row. The other dorsal spines are mostly grouped in clusters of three 
to six, the clusters being irreg^arly scattered, largest on the sides 
of the rays. The spines are all similar, short, thidc, with more or 
less conical, obtuse or ovate striated tips. The marginal and actinal 
rows of spines are very regular and even. They stand in close rows. 
There is a wide and deep intermaiginal channel. The superomar- 
ginal row of spines is simple. The inferomarginal row is double. 
The two intcractinal rows are simple and nearly equal. 
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This species ranges fnmi south of San Francisco to Puget Sound 
and northward to Departure Bay, B. C. In the Museum of Comp. 
Zoology at Cambridge, Mass., I have studied a good series from off 
San Francisco (No. 1304) ; Crescent City, Calif. (No. 1303) ; Gulf 
of Georgia, A. .^assiz (No. 1301) ; Monterey Bay (No. i8ao, see 
figs.); off Santa Cruz L, Calif. (No. 1821). It appears to be 
oommon in shallow water on the Califomian coast Very few 
antbentic localities have been recorded hitherto, except that given by 
Dr. Stimpson (Bay of San Francisco). A sii^le large specimen 
has been sent to me from Departure Bay, B. C. (coll. H. C. Young, 
Geological Survey of Canada). 

PISASTER CAPITATUS (Stimpson). 
FUte XXXVI, fignres 3, 4 (tjpe) ; plate vn, figure 4- 
Asl*riat ea^la Stihfsok, Proc Bo(tOD Soc. Mat Hi*t, nn, p. 064, iS&L 
Verrin, Tnuu. Conn. Acad. Sd, i, p. 337, 1867. ? Pcrrier, Arch. Zoot 
Fxp^., IV, p. 335, 1875 (lix-rayed Bpedmen, no dcscr.). 

Dr. Stimpson described this species as follows : 

" Rays five, not contracted at base ; disc lai^. Proportion of 
diameters, i : 4.5. Ambulacral pores rather narrow, in four regular 
rows. Ambulacral [adambulacral] spines in one regular row, linear, 
compressed, and blunt. Ventral spines as long as the ambulacrals, 
capitate, with bhmtly-rouaded beads, elegantly striated on the con- 
vex inner face and tip, and with a median sulcus on the outer side. 
They are arranged in tour rows, those of the outer row beii^ lat^fest ; 
and there are scnne minor pedicellariae on the outer sides of the 
spines in alt of the rows. The dorsal spines are not very numerous, 
but are for the most part lat^, their regularly globular and beauti- 
fully striated or radiated heads being about e^ht-hundredths of an 
inch in diameter, and larger than those of the ventral spines. They 
are arranged without order, standing about one-seventh of an inch 
apart; but five or six longitudinal rows may be obscurely traced, 
the marginal row being most distinct, containing eighteen or twenty 
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spines. On the disc, there is a central tubercle, but scarce any indi- 
cations of a pentagon. Around the bases of the dorsal spines there 
are r^;ular wreaths of minor pedicellarix. The major pedicellaric, 
which are of the short, conical or sub^lobular form, with broad 
valves, are scattered between the spines as in ^. ockracta. Papulae 
in groups. 

" Color in life purple, according to Dr. Newberry. The spines 
are probably white, or at least of a lighter color. Diameter, five and 
a half inches. 

"This very pretty species differs from A. ochracea in its taiger 
dorsal q>ines, which are not arranged in a reticulating pattern ; and 
from A. Lutkenii in its shorter and more nmnerous ventral spines, 
as well as in the presence of major pedicellarise on the back. 

" Habitat, San Diego, Cal. Colorado Ejq>edition. Dr. J. 5. New- 
berry." 

The photographs of the type, sent by Dr. R. Rathbun, are six 
inches in longest diameter; radii, i8 mm. and 80 mm.; ratio, nearly 
1:4.5. 

LJttle need be added to Stimpson's description of the type. The 
adambulacral spines are often flattened. The ventral spines are 
unequal ; those of the inner or synactinal row are distinctly smaller 
than the others, and the outer or peractinal are largest Most of 
these spines are stout and clavate, rather than capitate, the tips being 
mostly obtusely conical or ovoid and strou^y striated ; only a part 
are grooved ; distally they become much more slender and (UstincUy 
clavate. 

The superomarginal spines are considerably stouter than the 
ventral ones, but not much longer. They ioma a regular simple row 
of rather widely spaced spines, each one on the raised node of a 
marginal ossicle. The dorsal spines are mostly quite similar to the 
laterals in size and form. The latter cmes have lat^e, rounded, 
capitate, and stron^y striate tops ; but those toward the ends of the 
rays become longer and more slender, cylindrical or clavate, rather 
than capitate, but striated in the same way. 

The spines are distantly spaced, generally one on eadb raised 
node of the reticulating ossicles. Usually, in our specimens, five or 
six ri^es, indicating the lobes of the ossicles, radiate out from the 
base of each spine, so that the skeleton has a pretty r^;ularly reticu- 
lated structure. The spines usually form more or less evident 
median, radial rows, and sometimes two less distinct rows can be 
traced, between the median and marginal rows. 
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lo the Mtiseum of Yale University there is a specimen of this 
q>ecies collected at Monterey, Calif., whidi agrees very closely with 
the type in size and structure. 

The radii are 20 mm. and 70 mm. ; ratio, i : 3.5. The rays are 
shorter than in the type. The spinulation agrees in all essential 
points with the type, though the distal dorsal spines of the rays 
appear longer and less stout, and more of them have the clavate form. 

The wreaths of minor pedicellariae about the spines are not con- 
spicuous, but they contain very large numbers of very minute pedi- 
cellariae. Others of similar small size are scattered between the 
spines or grouped in dermal clusters on or around the lai|;e papular 
areas. The papulae are snmll and form large groups, above and 
below. 

Hie dorsal and lateral dermal major pedicellariae are moderately 
large and stout, ovoid or subconic, with obtuse and usually denticu- 
lated jaws. They are not nearly so numerous nor so laige as in the 
type. Most of the actinal spines are clavate and many lack the sulcus 
on the outside; the synactinal spines are smaller and more cylin- 
drical ; between them are large papular areas. The dorsal skeleton 
is firm and distinctly reticulated, with a tendency to a six-rayed 
arrangement around the principal spines, which are not so numerous 
as in the type. 

Monterey, Calif. (R. E. C. Steams, Mus. Yale Univ.); San 
Diego (Stinqison, Ives, and others) ; San Di^o (Mus. Yale Univ. 
coll.). 

This species is closely allied to P. IStkeiui. It differs especially 
in having much fewer dorsal spines, which are also larger and more 
distinctly capitate. The ventral (actinal) spines are more unequal, 
stouter, shorter, and more capitate. 

PISASTER LUTKENII (Stimpson). 
Plate xi, figures 1, a {type). 
Atttrias ItUbtim Stiupsom, Proc Boston Soc. Nat Hist, vm, p. 36$, 186a. 
Verrill, op. dt, 1867, p. 33. Perrier, RMs., p. 70, 1875. BcU, Getnu 
Asteriu, Proc ZooL Soc; London. 18S1, p. 405. Sladcn, opL dt, pp. 566, 
834, 1889. D« Loriol, H^. Soc Pbys. et Hist Nat, Ginevc, xxxn, p. 
IS, pi. u [xTu], figi. J-ik, 1897 (description). 
Pitatter tatkenn Vebull, op. dt, p. 63, 1909. 

Atttrioi txquittta dk Louol, Rer. ZooL Suiue, 1888, p. 463, pL xnn, fig. 3 
(young). 
When full'^own this is one of the largest starfishes on the coast. 
Dr. Stunpson's type was not half-^rown. The following is his 
description: 
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" Rays five, rather broad, witb blunt dps ; disc moderatdy Urge. 
Proportioa of the diameters, 1:4.25. Ambulacral pores in four 
regular rows. Ambulacral [adambulacral] spines in one regular 
row, slender, l<»ig (but not longer than the ventrals), not com- 
pressed, but tapering to a blunt point Ventral spines in four 
approximated rows, elongated, scarcely capitate; heads elongated, 
subtruncate, striated within, and often sulcated along the middle on 
the outer side, where there are always semicircular clusters of minor 
pedicellarise. Beyond the ventral sptnes there are distinct lateral 
channels. The dorsal spines are uniform in size and distance, being 
about one-fourth of an inch apart in c«ie specimen, and arTai^:ed 
without order, except in the r^ular marginal row, which consists of 
about thirty spines; and Hiey form no pentagon on the disc. They 
are one-e^hth inch high, and half that In breadth, capitate, with the 
heads striated and conical, with pinched tips. Around the base of 
each there is a rather narrow ring of minor pedicellarise. There are 
no major pedicellari% scattered among the dorsal spines, but a few 
occur in the lateral channels, similar to those of A. ockracea and 
capitota, but of smaller size and with narrower valves. Papnlae io 
groups. Diameter, one foot. It differs from A. gigantea in having 
<«i]y five rays, and in other particulars. 

"Habitat, Coast of Or^on. Mus. Smithsonian." 

Fhotc^raphs of Ibe types of this species were also kindly sent by 
Dr. R, Rathbun from the U. S. National Museum. As marked, the 
photc^T^hs give the radii as 24 mm. and 96 mm. ; ratio, 1 : 4. 

The description by Dr. Stimpson is so good, in this case, that little 
need be added to it The upper marginal spines fomi a pretty regu- 
lar row ; they are about as large as the ventrals, but more conical, 
and like the dorsal spines in form, though rather Urger. The median 
dorsal row of spines is not often very evident; in some places indi- 
cati(ms of four or five other longitudinal rows can be seen on either 
side, so that there may be ten to twelve spines in a very irr^ular 
transverse series, but tiiere are no distinct transverse rows. On the 
distal part of the rays the wreatiis of minor pedicellarise, around the 
^ines, become larger and crowded ; there are also large clusters of 
dermal minor pedicdlariae scattered over the whole dorsal surface, 
many of them on the papular areas, besides many single pedicellarise. 

Two very large and perfect specimens of this species are in the 
Museum of Yale University, collected at Pacific Grove, California, 
by Professor W. R, Coe, 1901. 
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One of these (a) agrees very closely with the ^rpe, exc^ in 
features due to its much greater size. Its radii are 60 mm. and 
270 mm. ; ratio, i : 4.5. 

The dorsal surface is nearly uniformly covered with conical 
sjHnes, not forming definite rows. About twenty-cme to twenty- 
fire may be counted in an irregular transverse series at the base of 
the rays. 

The upper marginal plates mostly bear two spines at the base of 
the rays, but only one distally. The lower marginals bear two com- 
plete rows, to the tips of the rays. 

There are three rq^ular rows of actinal spines jK'oximally, mostly 
me to a plate ; the first is complete to the tips ; the secona ceases near 
the tip; the third at about the distal third. 

Tile inferomarginal row and first two actinals are all close 
together and much alike ; they are rather short, very stout, davate, 
with rounded, striate tips, dianneled on the outer side. The syn- 
actinal spines are longer and not quite so stout, tapered and chan- 
neled on the outer side. On the interradial areas some of the . 
actinal spines are also longer, conical, and subacute. 

The adambulacral spines are slender and tq>ercd, becoming 
decidedly Imger toward the mouth and on the adoral plates. The 
adoral carins are about 14 nun. long, strongly oompnased, and con- 
sist of about eleven or twelve closely united pairs of adambulacral 
plates, sloping upward, and nomially bearing each one loi^ spine ; 
but in many cases one is laddng in a pair, and oa sonx of the 
carinae two to four pairs are destitute of spines. Those in the last 
erect pair (eptorals) on the jaw are longer and stouter than the 
others. The terminal or peroral pairs of spines are horizontal, short, 
stout, flattened, enlai^ed or subspatulate at the blunt tips. A shmt, 
thick, strmgly lateral divergent spine, not half as loi^, occupies 
the side angles. 

The adambulacral pores are large, and on the proximal part of the 
rays, within the radius of the disk, they form e^t distinct rows ; 
they are reduced to four r^;ular rows a litde beyond the border of 
the disk. On about three adoral pairs of plates, they also decrease, 
the innermost being a sin^e pair. 

The minor pedicellariae are abundant on nearly all the spines, 
but the wreaths around the bases of the dorsal and mar^nal spines 
are not so large as in var. anstralit. Niunerous, large, erect, sessile, 
stout-ovoid and stone-hammer-shaped pediceUarix, with stroi^y 
serrate, blunt jaws, are scattered everywhere over the bade, on the 
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lateral channels and among the ventral spines. Alcxig the inner 
et^es of the adambiilacral grooves, attached by pedicels, there are 
many compressed and longer ones, some of which are larger than 
the dorsals, others much smaller. These are mostly long-ovate, 
often with incurved margins and blunt at the tips, which are den- 
tate ; others are acute-lanceolate, and many are quite small 

In the Museum of Yale University there are also several smaller 
dry specimens of this species, agreeing very dosely with tiie type. 

The best medium-sized specimens, with the radii 40 mm. and 
tSo mm., have the ratio as i : 4.5. Tlie adambulacral spines are 
slender, terete, subacute, amused in one simple row. Those near 
the mouth are not much lengthened; more distally many of them 
are somewhat flattened, with obtuse or slightly spatulate tips. They 
are mostly without minor pedicelhirix, though small groups occur 
on some of them. A few bear single, rather large, ovate-lanceolate 
major pedicellarix, like ^e adambulacral pediceltariae. The latter 
are rather numerous, attached to the inner edge of the adambulacral 
plates, at or within the margin, by a long pedicel, which often bears 
a cluster of minute acute pediceUarise at and below the base of the 
lai^e one ; the latter is unusually large, compressed-ovoid, subacute 
or obtuse, with the tips of the jaws often denticulate. Their pedicels 
are often as long as the adambulacral spines. The actinal spines 
are large, subequal, and form four or five regular rows, proximally, 
but usually only four beyond the middle of the ray; they become 
much more slender distally ; those of the interbrachial region become 
longer, fusiform, and often acute. Most of them are stout, clavate 
or subcapitate, strongly sulcated on the outside and with the tip 
finely striated all around. Most of them bear a small cluster of 
minor pedicellariae on the outside. There are, apparently, oa\y four 
rows of peractinal and synactinal plates. The outer (peractinal) 
ones often bear two spines. 

The marginal spines arc larger and rather longer, similar to the 
dorsal spines, and with subconic striated tips; they form a very 
r^;ular row, standing singly and well spaced on a row of somewhat 
raised ossicles, and leave below tiiem a wide and well defined mar- 
ginal channel, which becomes dilated at the interbrachial region. 

The dorsal spines are similar in form but unequal in size, numer- 
ous, arranged witiiout any very evident order, but pretty evenly 
spaced. They mostly stand singly on the nodes of the reticulating 
ossicles, which form five to seven radial ranges and nine to ten in 
transverse series. The dorsal spines bear a thin basal wreath c^ 
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minor pedkdlarise. There are also many small clusters M dennal 
miiior pedicellarue. F^titse small, very numerous, in clusters. 

The dorsal major pedicellarue are numerous, scattered among tiie 
spines and especially in the lateral channels. They are short, diick, 
ovoid, obtuse, with the jaws denticulated at the apex; they often 
equal the smaller spines in diameter, but are shorter. 

This species can only be confounded with P. capitatus, to which it 
is evidently closely allied. The latter, however, not only has much 
latter and more capitate dorsal spines, but they are much fewer in 
number, there being usually only about five or six spines in a trans- 
verse series, besides the laterals. 

The supposed absence of large major pedicellarix on the back of 
P. lutkenn, referred to by Stimpson, does not hold good, as shown 
1^ our specimens, above described. 

This species appears to rai^e, in its typical form, from Van- 
couver Island to Monterey, California, and as a variety farther soutit 
to San Di^;a 

Oregon (Stimpson) ; Saanich Inlet, Vancouver Island (de 
Loriol) ; San Diego and Monterey, California (Yale Museum) ; 
Vancouver Island (Canadian Geolo^cal Survey) ; off Pacific Grave, 
near Monterq', taken on fish lines (Dr. W. R. Coe. Two very large 
specimens, a, b). 

When full-grown this is one of the largest starfishes on the North- 
west Coast. It is equalled, in this genus, only by P. ackractiu, 
P. gigantetu, and P. paputosus. 

VARIATIONS. 

One of the very large ^>ecimens (b) obtained from off Monterey 
by Dr. Coe, 1901, differs considerably from the more typical ones in 
the character of its spinulation, due perhaps, to a superabundance 
of food. 

Its radii are 55 oun. and 284 mm. ; ratio, about i : 5.2. It is 
noticeable on account of the great development of its actinal and 
inferomarginal spines, which are decidedly more numerous and 
longer than in the oAer specimen of equal size and from the same 
place, described above. 

The proximal inferomarginal and most of tht actinal plates bear 
two, three, or even more, stout, often divergent spines, so that one 
can count eight to ten of diese spines in each irregular transverse 
series. But cme ray (doubtless a reproduced rae) is only about two- 
diirds M long as the rest, tboi^h nearly as stout ; on this the ventral 
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Sfints fonn only four or five rows, though similar in size. On the 
distal half of all the rays the ventral rows decrease to about four to 
six, the plates bearing only two spines, or but one. 

The ventral spines are unusually crowded proximally. They are 
also longer and less stout, though mostly Uunt, except the syn- 
actinals and those oa and near the interradial areas, where many of 
them become decidedly longer and acute. Many in the synactinal 
row are deeply grooved <m the outside, and the distal <Mies become 
more slender and subacute. The adoral spines are long, slender and 
acute. 

Large serrate major pedlcdlaris are scattered over tiie dorsal 
and lateral surfaces, but are not half so ntunerous as <» the other 
large specimen. 

The dorsal spines are less numerous, laiger, m<x'e acute, and more 
regularly spaced, their average intervals hang 8 mm. to lo mm. 
wide. 

Minor pedicellarise form dense wreaths around all the dorsal and 
u[f>er marginal spines. 

Off Paci6c Grove, California (Dr. W. R. Coe, 1901). 

PISASTER LUTKENII Var. AUSTRALIS Verrill, nov. 

Two very large specimens (c, d) of this variety are in the Museum 
of Yale University. One has the radii 56 mm. and 252 mm. ; ratio, 
1:4-5- 

Hie oral adambulacral spines are cMie>fourth longer than those of 
the mid-ray ; they are Img, slender, regularly tapered. The ventral 
spines, near the base of the rays, are in ^our and five crowded rows ; 
but oa the mid-ray there are about four rt^Iar rows ; those of the 
inner and middle rows are very stout and blunt, often nearly as thick 
as long, irr^fular in form, often pinched, lobed, or sulcated, and 
sometimes slightly bifid; the tips are often clavate, swollen, or 
truncate. 

The inferomarginals, or two outer rows, and those near the 
mouth, are longer, not so stout, and more regular, mostly with 
obtuse or ovoid tips. Distally they become Icmger and more fusi- 
form, and many are deeply channeled on the outer side. 

The inferomarginal spines stand two on a plate, nearly or quite 
to the tips of the rays, and thus form the two outer rows of ventral 
spines. There are proximally three rows of stout actinal [dates, eadi 
usually bearing a single spine, thus forming three rows; the first 
row (peractinal) extends to the tip of the ray; the third row (syn- 
actinal) only extends to about the distal third of the ray. 
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Tbe dorsal qtines are much less aumerous titan in the typical 
variety; they are evenly scattered, and scarcely fonn any distinct 
radial rows. About thirteen to fifteen spines occur in irreg^ular 
tnmsverse series, besides the u[^r marginals, but they do not form 
any definite transverse rows. 

The upper marginals are much like the dorsals, but larger. They 
mostly stand singly on the Urge plates, so that they are well ^>art 

Between the upper and lower marginals there is a rather wide, 
naked diannd, bearing lai^ pedicellariae ; at the base of the rays H 
eiqxmds into a rather large, triangular, ioterradial area, destitute 
of s{nnes. 

Minor pedicellarix, in very large dense wreaths, surround tbe 
uiq>er mar^nal and dorsal spines, the dusters becoming so laige 
distaUy that they are in contact. In dry specimens they seem to be 
attached outside the swollen base of tiie spines, which is covered I^ 
a thick skin, but in life they probably rise up at least to mid-he^t 
of the spine. On the ventral spines they form lai^e dusters on the 
outer surface. 

Very large, ovoid, or blunt stooe-hammer>shaped, erect, sessile, 
major pedicellariae, with strongly serrate jaws, occur in considerable 
numbers on the lateral channds, between the dorsal spines, and 
among the ventral spines. Other major pedicdlarix, some of them 
nearly as large, but others much smaller, somewhat compressed, 
mostly ovate and obtuse, occur on the adambulacral spines and on 
tbe inner edge of tbe ambulacral grooves. Many of these have large 
numbers of small, acute, forficulate pedicdlarise on their pedicels. 

San I^^o, California (Dr. Edw. Palmer, Yale Museum). 

PISASTER GIGANTEUS (Stimpson) Verrill. 
Plate xxxvn, fignrea i, a (type). 
Afttrias giganlta SnMPSOH, Jonr. Boston Soc Nat HiaL, vi, p. 88; pL xxm, 
figs. 4-6, 1857. Verrilt, Trans. Cum. Acad., i, p. 3^, 1867. ? Bdl {part), 
Proc Zool. Soc Londra, 1881, p. 564; = in part A. kalktrina Per., non 
Gray. 

Dr. Stimpson's incomplete original description is as follows : 
" Body very large, swollen ; rays six in number, in length s(xne- 
what less than twux the diameter of the disk. Upper surface cov- 
ered with numerous short, blunt, equidistant spines, uniform in size 
and repilarly distributed; these spines are somewhat omical in 
sh^>e, but truncated at the tip and constricted at the base, with the 
sides longitudinally furrowed. The ^ines of the lower surface 
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are Aort and thick, but slj^itly compressed and notched at tiw 
extremity. Diameter, two feet. Taken in Tooiales Bay, by Mr. 
Samuels." 

Large photc^raphs of the type, which is in the U. S. Naticnal 
Museum, have been furnished by Dr. R. Rathbun, for reproduction 
in our plates. Dr. Stimpson's descriptkm was very incomplete, for 
he scarcely described the ventral side at all. 

The disk is rather lar^e and the six rays taper rapidly to rather 
acute tips. They are variously bent, and wrinkled, indicating a 
rather weakly reticulated dorsal skeleton. The radii are aboat 
73 mm. and 304 mm. ; ratio, about i : 4.75. 

The adambulacral spines are rather small, slender, cranpressed, 
crowded, and stand in a single row, one to a piatt ; they are much 
smaller and shorter than the crowded ventral spines. The latter 
form about eight dose rows proximally, but these decrease to four 
or five at the distal third of the rays. They differ much in form. 
Those nearer the adambulacrals are partly fusiform and sometimes 
subacute, but more often flattened and subacute at the tip ; those of 
the middle rows are stouter, either blunt, clavate, or flattened ; those 
of the outer rows are still shorter and stouter, with blunt tips, but 
those near the base of the rays are apt to be fusiform and subacute. 

The lateral or superomai^;inal row of spines u not very distinct ; 
its spines are subacute and much smaller than the actinals. They 
form in some places two irregularly alternating rows, and differ but 
litde, in size or form, from the dorsal spines, though they may be 
rather longer and more acute. 

The dorsal spines are small, either obtuse or acute, roughly 
striated, very numerous, nearly uniformly scattered over the whole 
surfeice, mostly standing singly, and do not form reticulations nor 
any distinct median row. On tiie sides of the rays, in some places, 
tiiey form small transverse groups or combs on the connective 
ossicles. About twenty to twenty-four can be counted in an irregular 
series across the rays at the base, but they form no evident trans- 
verse rows. 

The spines become rather larger, longer, and more crowded near 
the ends of the rays, where they are stUTOunded by close wreaths of 
minor pedicellarix. On tiie basal part of the rays and on the disk 
the minor pedicellarise form small clusters around the bases of the 
^ines, and many other dermal ones are scattered between the spines. 

A few rather small, stout, subconical, dermal major pedicellarite 
are scattered on tiie dorsal and lateral surfaces, and especially on tiic 
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ioterbrachial areas and intennargiiial diannds. The actinal spines 
bear small clusters of minor pedicellarue cbx their outer sides. 

This species a[q>ears to be very distinct fnMn all others. Perrier 
placed it as a synonym of his A. kathtrina=P. grayi Ver., to which 
it bears stnne little resemblance in form. He was probably misled by 
Stimpson's very poor description. 

Nothing is known concerning its range. Stimpson's original 
record is the tmly authentic locality known to me. Some of the 
k)calities recorded are due to errors. 

PISASTER PAPULOSUS VerriU. 
Plate XLO, figure i; plate xun, fignre i; pUte lx. figure 1; plate lxxtl 

figures 2-2d (detaib) ; plate lxxx, figure 4. 
Pitiuttr faptUonu Vebbiix, Amer. Jonm. Sd., voL xxvm, p. 63, 1909. 

The type of this species is a large dry five-rayed specimen, in 
excellent condition, taken in Puget Sound and sent to me by Pro- 
fessor T. Kincaid. A specimen received from the Provincial 
Museum of British Colimibia, through Dr. C. F. Newcombe, but not 
in so good preservation, is much larger (diameter, 28 inches or 
660 nun.). Thus, when full-^rown it is one of the largest staifisbes 
yet discovered. 

The disk is large and remarkably hi^ and plump, with a raised 
central pentagon, bearing ten groups of spines on the angles and 
sides, besides a central group ; from the radial angles carinal radial 
rows of spines run to the tips of the arms, which are lot^, rather 
stout at the base, but regularly tapered to acute tips. 

The radii of the type are 43 mm. and 315 mm. to 335 mm. ; ratio, 
about 1 : 5.25 ; breadth of tvfs at base, 45 mm. ; elevation of disk, 
46 mm. ; length of dorsal spines, 4 mm. ; diameter, i mm. ; length 
of larger ventral spines, 3 mm. to 4 mm. ; diameter, 3 mm. to 3.5 mm. 

The dorsal surface is covered with an integument that conceals the 
ossicles. The papular areas are large and numerous ; a conspicuous 
row runs along each side of the median radial row of spines, and 
there are several less regular rows on each side. The papulz are 
very numerous and small, darker than the surrounding integument, 
which is %ht yellowish orange tn the dried specimen ; the papular 
areas brown. 

The dorsal spines are large, few, and mostly isolated, but they 
form a distinct, simple, radial or carinal row, one to a plate, proxi- 
mally, but on the distal third of the ray these spines become more 
distant and the row less distinct 
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On either dorso-lateral side there are similar, but rather sparsely 
scattered, spines, which mostly show no definite arrangement; but in 
some cases, distally, they have a tendency to form about three 
imperfect rows on each side. These spines are all rather lar^, up to 
3 mm. to 4 mm. high, and about i mm. thick, tapered or conical, 
subacute or acuminate, and often pinched up near the tips and 
strongly sulcated. They bear large and dense wreaths of minor 
pedicellariae placed around their bases as dried, and there are numer- 
ous large, dense clusters of similar pedicellariae thickly scattered 
over the surface between the spines, and around the papular areas, 
as if taking the places of the spines that are present in other species. 
Many of these clusters are as large as those around the spines, or up 
to 3 mm. to 4 mm. in breadth. They are abundant on both the disk 
and rays, but become more numerous on the distal half of the rays, 
where they are often so crowded that in Ufe they must form a 
nearly craitittuous coating. Large, stout, erect, dentate, dermal, 
major pedicellarix are numerous, scattered over the whole dorsal and 
lateral surfaces of the rays. Tbey are ra&er quadrangular in an 
end view; in a side view scarcdy compressed, blunt wedge-shaped 
or stone-hammer-shaped. The tip of the jaws are serrate or 
unguiculate and subtruncate. The larger ones are about 1.5 mm. 
high and nearly i mm. broad. 

The pentagon of the disk is formed by five radial dusters of stout 
conical spines, like the dorsal radials, standing about three tc^ether, 
and five similar interradial groups, standing a little nearer the center. 
The large, brown madreporic plate takes the place of most of those in 
one interradial space. A duster of five spines occupies the center. 

The large dorsal interradial areas of the disk are mostly without 
spines, but have an abundance of pedicellarix and papuhe. 

The upper mai^nal rows of spines are like the median, but they 
becwne more regular and the spines doser together distally. The 
channd bdow them is wide proximally, and beu^ many of the lai^, 
serrate pedicellarise and numerous minor ones. The row of infero- 
marginal sfHues is strong, double, and r^;ular, each [Jate usually 
bearing two spines, especially distally, to the tips of Ae rays. The 
distal ^nes are subacute and sulcate, much like the dorsals, but 
those on the proximal half are mostly stouter ( 2 mm. or more ) , with 
obtusely rounded and sulcated tips. 

Close to these, but with an intervening p^Ktlose channel, is a 
r^^ular, mostly single row, of peractinal spines, continuous to the 
tips of tiie rays. The spines are like tiie inferomarginals. A 



>y Google 



SHALLOW-WATBX STARFISHES 93 

shorter row of siinilar synactinal tpines, extending to the distal 
third, intervenes between the peractinals and the adambulacrals, but 
is separated from the latter by a definite channel, having papulae 
proximally. Qose to the base of the rays some of the infero- 
mai^inal and actinal plates often bear two or three small extra 
spines, and all bear dense clusters of minor pedicellariie on the outer 
side. The adanibulacral sfnnes form a stifle very r^^ular row; 
they are slender, tapered, and subacute ; about five correspond to a 
single actinal spine. The adoral ones become somewhat longer. 
Many of them bear thick dusters of forficulate pedicellarix of 
various sizes in a single cluster. Between their bases and (m the 
inner edges of the ambulacral grooves, and on the oral spines, and 
interradiat areas are many large major pedicellarix, part of which 
are ungutculate, like those of the back, but others are longer, com- 
pressed, lanceolate, with the tips subacute, or terminating in one or 
two hodc-like teeth. The pedicels of these, and also of those 
attached to the spines, are often surrounded by large clusters of 
small forficulate pedicellarise of nearly the same form, but of various 
sizes, many being as minute as the ordinary minor pedicellariae. 
Friday Haibor, Puget Sound (Professor Kincaid). 

The paucity of spines on the back of the specimen above 
described might be though to be due in part to some injury and 
lade of subsequent restoratim of the spines. But oo the distal part 
of the rays, at least, the spines seem to be certainly normally 
arrai^ed. There are no naked ossides or tubercles where spines 
are likely to have been attached, 

I have examined four additional specimens (No. 1904, Mus. 
Comp. Zool.) from the same district and also sent by Professor 
Kincaid. They are all larger. One of them agrees dosdy with the 
type specimen described above. Its radii are no mm. and 330 mm. 
Others, equally laige, have the disk and rays flattened in drying 
and appear to have more numerous and latter spines and fewer 
pedicellarix. One has the radii 85 mm. and 330 mm. 

This spedes is rather closely rdated to P. brevispinus (Stimpson). 
But the characters of the dorsal spines and pedicellariae and of the 
actinal spines, and the lai^r ^ines and papular areas, seem to 
require thdr separation. Of course a much larger series of specimens 
than I have studied mi^t show intermediate forms, as in other cases. 
The difference in the number of rows of actinal spines is greater dian 
we should expect in specimens of similar size. The dorsal spines 
are mudi less numerous in our spedes and the rays mudi loiter 
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and more tapering. The characters of the adoral carina and oral 
spines are also peculiar. 

VARIATIONS. 

A very large dry specimen of this species has been sent to me by 
Dr. C. F. Newcombe from the Provincial Museum of British 
Columbia. It was dredged in ten fatbcMng, off Victoria, 1894. 

Its radii are 64 nun. and 330 mm. ; ratio, i : 5.14. 

The disk is distorted in dr]rii^ and is prcAtably larger than the 
normal size. The rays are thick at base, but taper to l(Mig and 
relatively slender tips. The dorsal surface is covered with a thidc 
integument, dark reddish brown in the dry specimen, and has but few 
distant spines. But numerous large, stout, tiiick, ui^;uiculate pedi- 
cellarifc are scattered over the surface, which is also covered with 
small minor pcdiceQariae, thickly scattered over nearly the whole 
surface and also forming wreaths around the bases of the spines. 
Probably a large part of these may have been rubbed oS by repeated 
dustii^, for the specimen has evidently been exposed to dust and 
mold; and owing to its great size, it probably was not very wdl 
preserved originally. Hence it is probable tlut the dermal minor 
pedicellarise originally existed in still larger dusters, as they do in 
depressed spots, where the coating of dust and mold has not been 
removed, especially distally. But as numerous large major pedi- 
cellarix are still scattered over the surface, it is evident that no 
severe cleansing has taken place, sufficient to remove all those oa 
the spines. 

The dorsal skeleton is coarsely and irregularly reticulated, hot 
the ossicles are concealed by the thick integument. 

The spines are mostly conical and acute or subacute, about i .5 mm. 
to 3.5 nun. loi^, with but few smaller ones. They form distinct but 
inccmplete simple radial rows, in which they usually stand 2 mm. to 
5 mm. apart, where continuous. A very few similar spines are 
irregularly scattered over the disk and rays. The madreporic plate 
is large, with fine gyri, its diameter is 13 mm. 

The superodorsal plates are well down on the sides of the rays. 
They are relatively small and not very distinct, and bear a simple 
row of spines, rafter laiger than the dorsals, many of them blunt 
with grooved tips. Th^ are close to the inferomarginals, except 
in the interradial areas, where they diverge a little, leavit^ a spine- 
less area. 

The ventral spines proximally conust of four or five rows close 
together and nearly equaL lliey are short (3 mm. to 4 mm. long). 
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Stout, mostly blunt or truncate and striated at the tip ; but dose to 
Ok bases of the rays they become longer. Some are acuminate and 
subacute. On the distal third of the rays there are only three rows, 
be»des the superomarginals, there beii% but one row of actinals 
distally. 

The inferomat^inal ossicles are rather large, thick and convex, 
roundish on the outer end, and usually bear two or three divergent 
qnnes, which are mounted on low mammillae with a central pit. The 
peractinals are similar in form externally, and mostly bear but one 
spine, but sometimes two proximally. The principal row of sub- 
actinal plates, proximally, are large and transversely broad in their 
internal part, but show only a rounded exterior surface, smaller 
than the other plates and bearing a single spine. Between these, 
proximally, there are a few smaller wedge-shaped or irr^ular sub- 
actinal ossicles, interpolated irregularly and mostly without E^ines. 
The inferomarginal and actinal plates are closely crowded together. 

There is a rather wide naked channel between the synactinal and 
adambulacral plates, due to the great transverse length of the latter 
externally to the single spine that stands on the inner edge. 

The adambulacral spines are slender and tapered, mostly 5 mm. 
to 7 mm. long, becoming still longer near the mouth. 

Large major pedicellarise, like those of the type, occur amot^ the 
aetioal adambulacral spines and along the inner edge of the grooves. 
These are long-ovate or lanceolate, with acute or subacute jaws, 
often toothed. With these there were others of various smaller 
sizes, of nearly the same forms. 

THE YOUNG. 

A small ^>ecimen, from Sitka, has the radii 10 mm. and 45 mm. ; 
ratio, 1:4.5. 

The dorsal spines are few and sparse, except alcmg the median 
radial rows, where they form pretty close and nearly regular simple 
rows. A very imperfect, irr^;ular row also occurs on each side, 
about midway between the median and superomarginal rows. Ten 
small groups of about two or three spines each form a central 
pentagon, with three central spines. Elsewhere dorsal spines are 
mostly lacking. AH ttiese spines are short, cylindrical or sligfaUy 
davate, with obtuse, sulcated tips. The dorsal ossides are rather 
large and broad; even those that are without spines are often 
lozenge-shaped ; those that bear spines are convex centrally, widi a 
a and pit The snperomai^pnal spines form a regular simple 
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row ; they are smaller thaa the dorsals, but of the same form. The 
mferotnarginal spines stand mostly two oa a plate and with the per- 
actinals form dir«e r^^ular nearly equal rows. Tbey are larger than 
the superonurginals and either cylindrical or slightly tapered, 
obtuse, finely sulcate. The peractinals are ra&er smaller than the 
rest and less obtuse, 

AdanU>ulacrals form a single row ; they are about as long as the 
actinals, but much more slender and evenly tapered. Three or four 
of the inner adoral plates, forming the compressed carinae, are with- 
out spines. 

A few lai^^ ovate, unguiculate pedicellarix occur on the lateral 
channels and adambulcral plates. Some smaller acute-lanceolate 
ones occur on the inner e<^es of the grooves. Minor pedicellariae 
are rather thicldy scattered everywhere over the dorsal and lateral 
integument. 

Another young specimen of larger size, with the radii i6 mm. and 
82 mm., was sent by Dr. C. F. Newcombe. It was taken at Kuper 
Island, B. C, February, 1894. This agrees closely widi the smaller 
one, described above, in the ntunber and character of its d(H^ 
spines, but the ventral spines are relatively stouter and form four 
rows proximally. 

The dorsal minor pedicellaiiae are much more numerous, both on 
the integument and around the spines, especially distally, where they 
form large dermal clusters. The papular areas are also very lai^e, 
with numerous papuUe. Thus it has in most respects the characters 
of the adult 

Large major pedicdlarise are rather numerous on the interradial 
areas and sides of tbe rays ; and many large, very acute, lanceolate 
ones occur on the inner e<^es of the grooves, sometimes in r^;nlar 
rows, one to a plate, for some distance. Most of these are sur- 
rounded at base by clusters of smaller major pedittllariae of about 
the same shape, but of various sizes. 

This specimen is remarkable for having two spines on some of the 
adambulacral plates, here and there, the second spine being smaller 
and attached back of the regular one. This condition has not been 
noticed in the other specimens. 

The adoral carinae are rather long and stron^y compressed, de- 
■cending abruptly to the moutb in all our spedmeos, and destitute of 
spines on three or four adoral plates. Apical peroral spines long, 
tapered, about equal to adorals, side-spines aiqiarently lacking, or 
replaced by a cluster of pedicellariac; epioral spines lacking mi our 
specimens. 
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This Species ranges frcm Puget Sound to Sitka. Puget Sound 
(Professor Kincaid) ; Kuper Island and Victoria (C. F. New- 
combe) ; Sitka (Harriman Expedition, W. R. Coe). 

PISASTER GRAYI VerriU, nom. oov. 
Atttrias kalhtfvur PmiBX, Stdl^. da Has.. Ardiiv ZooL Expir., vr, ». 33', 

1875 (non Gray, 1840). 
Atteriat diMa Vmiix, Amer. Natnralut, sue, p. 545. 1909 ("o* Clark). 

Perrier evidently erred in his determinatioo of Gray's type of 
A. katherina, for Gray stated that his species had two spines on eadi 
adambulacral plate, as i have elsewhere explained.* 

According to Perrier it has the foUowii^ characters : 

Ordinarily six rays, sometimes five, upper side of tiic body litde 
convex, rays broad at the base, pointed at tiie tip. Radii as i : 7. 
Between tips of rays about 4 deem. Adambulacral spines in a single 
rai^,* with some small clusters of major pedicellarix upon the outer 
side. Immediately beyond these comes a band of stouter ventral 
spines, formed by transverse ranges of two or even three spines. 
A narrow channel separates this band from another stm^Je range of 
spines, representii^ the lateral spines. Then comes a pretty wide 
naked band, and a very irregular range of shorter spines, which 
indicates the commencement of the dorsal region. The latter is cov- 
ered with numerous short spines, with the head rounded and strongly 
striated; sometimes isolated, sometimes in groups of two or three, 
but disposed without order. A circle of minor pedicellariae, small in 
number, surrounds the base of these spines. Some small major pedi- 
cellariae are scattered between them, but these are particularly 
numerous cm the sides, between the bade and and the line of lateral 
spines, in the channel that separates this line from the band of 
ventral spines, and between the latter and the adambulacral spines. 
These major pedicellariae have the form of a short isosceles triangle 
with a pretty large base. The madreporic plate is marginal. Colcff, 
when dry, red. 

Gray gave the locality of his specimens as " Mouth of the Colom- 
bia." This locality is uncertain, however; for his specimens, as 
labelled, were a mixed lot. (See p. 113, betew.) 

Perrier regarded A. gigantea Stimpson as a doubtful sync»i3nn of 
this species, to which it is possibly related. But gigantea has a mudi 

'Grajr's trne type ia donbtfai (See pace 113.) It conld not have been this 
species. 
'This does not agree with Gray's statement. (See below, p. 112.) 
8 
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larger disk and shorter rays. Tfae latter also has more nnmerons 
rows of actinal spines, while the dorsal spines are conical, numer- 
ous, and evenly scattered. Nor does Perrier mention the large ser- 
rate, lateral pcdicellarise found on the latter.* Still it may prove to 
be the young of P. giganteus, for we know very little about the 
variations of the latter. 

I have seen no specimens agreeing well with the description given 
by Perrier. 

PISASTER ? PAUaSPINUS (Stimpson) VerrilL 
Plate xxxn, figures i, 2 (typo). 
Atteritu ftmeUpina Stimpsok, Proc Boston Soc Nat Histonr, vm, p. 36S, 
1863. Perrier, op. cit, 1^5, p. 324 (no descriptioii). Bell, op. dt, p. 495 
(no descripdon). 

lliis species is easily recognized by its rather angular rays, few 
actinal and dorsal spines, and uniserial adambulacral spines. 
Stimpson's description is as follows : 

" Rays five, high, trigonal above, rounded below ; disc rather laige. 
Proportion of the diameters, 1 : 4.75. Skin-skeleton less firm than 
in the four preceding species, the net-work being more open. Ambu- 
lacral pores in four regular rows. Ambulacral spines in one very 
regular row, equal, not crowded, slightly compressed, and slightly 
taperii^, with blunt extremity. A considerable number of sharp, 
appressed major pedicellarix, of variable size, may be seen on the 
inter-ambulacral plates at the inner bases of the ambulacral spines, 
tf^ether with a few small clusters of the minor kind. Ventral 
spines of moderate size, cylindrical, tapering to a blunt tip not 
striated, and arranged in three rows, or in about thirty transverse 
rows of three each, the two outer ones placed together on each of 
the ossicles of the single ventral [inferomarginal] series, and the 
inner one on the transverse connective piece [actinal plate] which 
passes to the marginal interambulacral plates. Each of these trans- 
verse rows corresponds to five ambulacral spines. A small cluster 
of minor pedicellariz at the outer base of each of the ventral spines, 
most prominent in dtose of the outer row. Lateral channel distinct, 
with a row of stout, narrow, vredge-shaped major pedicellarue, 
extending from the base of the ray to the middle of its length. 
Dorsal spines equalling the ventrals in size, less than one-twelfth 
inch in height, and subcapitate, with conical, truncate, and striated 

* If these were absent the apedea mar not be doseljr rdated to the PitctUr 
croup, especially aa diere are few actinal rows of ipines. 
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beads. They are few in number, and are arranged in five regular 
rows; those of the marginal row, twenty-five in number, being a 
little smaller and more eltmgated than the others; median row con- 
sisting, like the marginal row, of twenty-five spines, one to each 
ossicle; intermediate row with only ten spines, and becoming 
" zigzag " toward the extremity of the ray. On the disc there is 
a regular pentagon of about ten spines, one (rarely two) to eadi 
angle, and one (rarely two) at the middle of each of the concave 
sides. No spines within tiie pentagon except one central one, which 
is always present; madreporic plate within the pentagon, at the 
periphery. Minor pedicellarise are scattered, in clouds, over the 
dorsal surface, but there are more of the major kind <m the back. 
Papulae in groups. Diameter, four and a half inches. 

"Habitat, Puget Sound — North West Boundary Gnnmission. 
Dr. C. B. Kennerly. This fine species is commcm in the circumlit- 
toral zone." 

The figures are from photographs of Stimpson's original types in 
tiie U. S. National Museum. They were furnished by Dr. Richard 
Ratfabuo. These specimens are probably immature. 

VARIATIONS. 

A purchased specimen in the Museum of Yale University, labelled 
simply as from the " West Coast," agrees closely with Stimpson's 
type, except in characters due to its smaller size. Its radii are 
lo mm. and 39 mm. ; ratio, about i : 4. The rays are high and 
somewhat carinate. The dorsal ossicles are not numerous, rather 
stout and broad, but have rather broad rounded papular areas ; the 
ossicles of the median row are small but prominent, eadi bearing, 
near the base of the arm, two short obtuse or suboqiitate spines, but 
distally only one. Between the median and the superolateral row 
there is a single row of fewer, larger, obtuse spines, with striated 
ends. The superomarginals are a little longer and somewhat conical, 
one to a plate. The pentagon of spines on the disk has usually two or 
three spines at each angle, one or two on each side, and two on one 
ossicle in the middle ; all these are capitate and striate, Madreporic 
plate raised, wart-like, with fine radiating gyri. The under side is 
nearly as described by Stimpson. 

The adambulacral spines are uniserial, very slender, terete, t{^>ered, 
subacute. The synactinal plates are small, rounded, and prominent, 
C3ctending to about the distal fourth of the ray, each bearing a spine 
Hke the inferomarginals, but ratiier smaller. The latter, which 
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mostly stand two to a plate, are tapered, subacute or obtuse, but 
not striated at tip. 

Lai^ major pedicellariae occur in the naked diannels between fbe 
upper and lower marginal plates, especially proximally; these are 
compressed in a dorsal view, but long-ovate or lanceolate in a side 
view, not serrate. These are more than half as thick as the adjacent 
spines ; others of much smaller size, but similar in form, occur on the 
tnterradial areas below, and along the margin of the grooves. The 
minor pedicellarix are very small and occur both on the spines and 
on the papular areas. 

This species may belong with Marthasterias rather than with 
Pisaster. More specimens are needed. Perhaps larger specimens 
would have more rows of interactinal plates. 

Genus Harthasteriaa Jullien. 

Atttria* iPars) Giay, Sladen, Bell, etc 

Marthatltriat Juiuen, Bull. ZooL Soc. France, 1878, p. 141. Type, Af. 

foliacta'=M. glaeialis (MuU.). 
Siolasterias. subgenus {pars'), Sladut, op. dt, iSSg, pp. 563, 5S3. 
Siolatt€ii<u (rejtr.) Pnun, Exp4d. Trav. ct Talisnu, pp. it*; 109, 1894. 

Monacanthid, five- or six-rayed Asteriinae, with few definite radial 
rows (ustuUly three) of stout dorsal ossicles and lar^e spines. One 
row of small or rudimentary actinal plates, usually without spines. 
Upper and lower marginal plates large, with l<mg spines. See also 
P-47- 

MARTHASTERIAS (?) SERTULIFERA (Xantus) Verrill. 
Asteruu strtuliftra Xamtus, Ptoc Acad. Nat ScL Philadelphta, i860, p. 568l 
Ives, List Cab. Stearns, p. 3, iSgo. De Loriol, Recneil Zool., Suisse, n, 
1887- 

Rays five, subangular. Radii, about 1:5; diameter, about 1 12 mm. 
Adambulacral spines in one row, very slender, flattened. Ventral 
spines in two or three rows, stouter, blunt, and flattened. Upper 
marginals regular, one spine to each alternate plate. Dorsal spines 
similar, stout, cylindrical or tapered, in three pretty rc^lar rows, all 
bearing dense wreaths of minor pedicellariae near their tips. Major 
pedicdiariae few. (Xantus.) 

Cape St Lucas (Xantus) ; San Diego (Ives, 1890) ; California 
(De Loriol). 

I have had no opportunity to study well preserved examples of this 
species, and therefore refer it to Marthasterias with doubt. 
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Genns Atteiiu ljaa€ (restricted). See page 43. 

Aslerios (part) LiNNi, SysL Nat, cd. x, 1758; ed. xn, p^ logB; 17*56. Gnr 
(re«tr, fart), 1840; Sjnopiis, p. i, t866. Pcnicr (.fart), RMs. StdL, 
op. dt, IV, p. 30a, i^s Bell, Syttem. Amngenient, Proc ZooL Soc 
Loodoii, 18S1, p. 402. 

SttUoma iPart") Naxdo, Oken's Isis, p. 716, 1834. AgaMiz, Prod., p. 191, 1835.' 

Vnuttr ipart) Fokbes, Uem. WemerUn Soc, nn, p. 114, 1839. 

Atttraconthioit ifors) HOixn and Tbdschbl, Monatib. Akad. wisi., Berlin, 
p. 103, 1840; S7A Ast, p. 14, 1843. A. Agasni, North Aner. Starfitliei, 
p. 94, 1877 (>tractnr«). 

Atttritu NotKAN, Ann. and Mag. Nat Hist, ser. 3, xr, p. 136, 1865. 

Attmas (fori') Sladbn, Voy. ChalL, xxx, p. 560^ 1889. Perrier, Exp. Trav. 
et Taliam., p. loE^ 1894. 

DipbuttrioM (.Pari) Pikribi, Exp. TraT. et Talism., p. lofi, 1894. 

As here restricted, this genus is characterized tqr having the larger 
dorsal ossicles well devdoped, with three or four lobes, united in a 
reticulated or irregular manner, and with oblong transverse ossicles, 
oniting tiie longitudinal series, and thus leaving relatively large, 
itT^;ular papular areas, from which arise clusters of few or numer- 
ous small papulse. The median radial dorsal ossicles usually form a 
distinct row, wiUi spines more prominent than the others. The 
interactinal plates usually consist of only one or two (sometimes 
tivee) rows, includii^ tiie synactinal or connective plates, all of 
which are usually so united as to leave papular areas. (See p. 33 
above.) 

The adambulacral spines may stand either one or two to a plate, 
but very commonly they are alternately « irregularly oat and twa 
Tbe actinal and lower mai^inal spines usually form three to five 
rows, which are longer and lai^r than the Aorsal spines, and in 
large specimens often stand two or tiiree oa one plate. The supero- 
marginal or lateral spines generally form a distinct row, leaving a 
lateral naked lane or " channel " between it and the lower matginals ; 
a small series of ossicles may sometimes be interpolated in tlus area, 
at tiie bases of the arms. The dorsal spines may be of almost any 
shape, but are generally shorter than the marginals and actinals 
and often different in form. The spines are generally surrounded 
by groups or wreaths of fordpate or minor pedicellariae, but similar 
pedicellarix may be scattered between the dorsal spines, or among 
the papulae, or they may form dermal clusters. 

'The lemu SteUomia, as tmderitood by L. Agaisii (Prod., p. 191, 1835). 
iodaded not only the present genus Aittriat (Mm. ext), but also EehuKuttr, 
Sobuttr, HtHatter, etc The first specie* dted was S. rtiitiu (L,). 
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The forficulate or major pedicellarue are usually lanceolate or 
ovate, and more or less compressed ; they may be scattered between 
the dorsal spines, around the papular areas, but are more constantly 
present on the ventral interbrachial areas, and on the naked channel 
or lane between the upper and lower mai^al spines; they frequently 
occur on the adambulacral and interactinal spines, where they 
are usually of smaller size, and also within the edge of the ambu- 
lacral groove, attached to the adambulacral plates, when they 
usually have longer pedicels. They generally have characteristic 
forms in each species. In some large specimens they may be almost 
lacking, though abundant in others of the same tpecies. In very 
young specimens they are usually few or lacking. 

The genital ducts, in all those species dissected, are connected with 
a pair of small genital pores on the dorsal side, in the interbrachial 
areas. 

The ambulacra! feet and pores are generally in four rows, but 
may be so crowded as to form six apparent rows, near ^e base of the 
rays. These forms all have great powers of restoration and repair 
after injury, being able to replace large portions or all of the disk 
as well as part or all of the rays, but spontaneous fission has not 
been observed in any of the typical species, all of which, so far as 
studied, devekjp from a free-swimming brachiolarian larva, in con- 
trast with the species of the genus Leptastertas, which have no frefr- 
swimming stage, for their eggs and larvae are attached in clusters to 
the oral region, till capable of creepii^. They have ventral genital 
pores. 

ASTERIAS VICTORIANA Verrill. 
Plate uti, figure i (dorul) ; plate lit, figures i, 2 (actinal and lateral) ; plate 

Lxix, figure 4; plate ucxxn, figures i-ic (details). 
Asltriaj victorima Vxmu, Amer. Jonm. ScL, xxnn, p. 68^ 1909. 

Rays five, stout, rather rapidly tapered. Radii, 20 mm. and 
95 mm. ; ratio, i : 4.75. 

Dorsal skeleton conspicuously reticulated, leaving lai^e papular 
areas, which arc mostly rounded or somewhat elliptical, the trans- 
verse diameter the greater. The intervening ossicles are strong and 
prominent above the surface, as narrow convex ridges ; those at the 
intersections and in the radial rows larger and deeply four- to six- 
lobed, convex in the middle, with a central mammilla and pit where 
the spine is attached. 

"Die ossicles of the two marginal rows and next two actinals are 
thick, nearly equal in size and form, and proximally stand in fonr 
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or five r^ular rows ; the upper marginals are a little more ronoved, 
but the oUiers are closely united in a tesselated manner, leaving ooly 
small papular pores between them. The exposed part is convex, 
with facets and pits for the spines. They are slightly four-lobed, 
but are so imbricated that they appear squarish with rounded 
comers, or ovate-triangular. 

The dorsal spines consist of two very unequal kinds. The larger 
ones are few in nimiber and are widely scattered, except in the 
median radial line, where they form a pretty regular row ; the others 
stand somewhat in quincunx, but may belong to about three imper- 
fect rows on each side. These spines stand oo the larger plates at 
the intersections of the reticulations. They are rather large, short, 
and thick, not much higher than broad, with enlaiged, truncate or 
capitate tips, striated oo the sides and rough on the top. They are 
about 1.5 mm. broad. Between these there are many very small 
inconspicuous spines, arranged mostly in single rows along the 
narrow ossicles that form the sides of the reticulations. Some of 
tiiem are acute, but most are slightly davate with roug^ or spinulose 
tips. Both kinds are scattered irregularly on the central area of the 
disk. 

Small minor pedicellarise are thickly scattered over the whole 
surface between the spines and on the papular areas, and also form 
wreaths around the larger spines. 

The superomargtnal spines form simple r^ular rows, and are 
much like the large dorsals in length and form, but are smaller. The 
tntermarginal channel is well defined and of moderate width. The 
inferomarginal spines form a regular row, mostly simple, but fre- 
quently stand two on a plate distally. They are followed, proxi- 
mally, by two pretty regular close parallel rows of actinal spines, of 
about the same size and shape. These three rows of ventral spines 
are longer than the superomarginals and less clavate, but about as 
stout. They are blunt and sulcate at the tips. The first subactinal 
row extends only to about the end of the proximal third of the ray; 
on the proximal fourth there is also a simple, short row of synactinal 
spines. 

The synactinal ossicles are small, with an oblong or elliptical 
Barf ace, and mostly bear a sinf^e spine ; they extend only to about 
the proximal third of the rays. 

The adambulacral spines stand two on a plate, or else in certain 
parts one and two alternately, thus forming two or three crowded 
rows. They are unequal, not very slender, the inner ones slightly 
tiq>ered, the outer ones stouter, blunt, as long as the ventral spines, 
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but more slender. They increase somewhat in length and thidcnesa 
toward the mouth. 

The two apical peroral spines are rather stouter and shorter than 
the adorals ; their side spines are about half as long and more slender. 
The epioral spines are like the adorals. 

The adond carina is rather thick and stout, composed of three 
pairs of contingent plates beyond the epiorals, the third pair bearing 
two spines. 

Major pedicellariie of moderate size occur among the ventral 
spines and on the lateral and dorsal surfaces, but are not numerous. 
Th^ are compressed, lanceolate or acute-ovate, with sharp tips. 

The ^T>e of this species was from near Victoria, B. C (Prov. Mus. 
B. C, coU. Dr. C. F. Newcombe). 

ASTERIAS POLYTHELA Vcrrill. 
Plate LT, fignrct t, a (donal) ; plate ucx, figure 8; plate lxzh, figure a; jdste 

LzxxiT, figures 3, 4 (details) ; plate lxxix, fignrci i-aa (details). 
Atteriat tolyth*ta Vbull, Amer. Jonrn. Science, xxrm, p. 68^ 1909. 

Rays six, stout, of moderate length, rounded and with a firm 
skeleton. Radii, 20 mm. and 80 mm. ; ratio, 1 : 4. 

Dorsal surface appears rou^ and rugged. It bears an irregular 
number of lat^, stout, round spines, arranged without order, excq)t 
that in a few places two or three may stand in a median series ; else- 
where they may be grouped, two to five, near tt^ether, or stand 
singly. These spines stand on raised central bosses of the i^tes; 
they are constricted somewhat at base and then abruptly enlarged 
below the middle ; the terminal part is regularly tapered or somewhat 
acom-shaped or nipple-shaped, lon^tudtnally finely grooved, ending 
in a blunt apex. They are a mm. to 4 mm. high and 1.5 mm. to 

2 mm. in diameter. Scattered over the whole surface are many 
small, unequal, short, acom-shaped and capitate spines, mostly from 

3 mm. to 4 mm. in diameter. The large and small spines are all 
surrounded by close wreaths of small minor pedicellariae ; clusters of 
these are also attached to the skin, so that the surface appears to be 
almost covered with them. 

The marginal and actinal rows of spines are pretty r^ular and 
smaller than the dorsals. The upper marginab stand mostly one to a 
plate proximally and two to a plate distally. They are shaped stHue- 
what like the large dorsals and nearly as long, but only about half as 
thick. The lower marginals are about as long, but stouter; they 
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stand either one or two to a plate. A short row of smaller spines is 
interpolated between the upper and lower marginals proximally. 
The peractinal spines are like the lower marginals proximally and 
form a regular row, one to a plate. The adambulacral spines are 
small, round, blunt, mosUy two to a plate, s(Mnetimes one in certain 
parts, divergent and ahnost concealed by large clusters of small, 
ovate, major pedicellarise on the inner ones, and dusters of major 
pedicellarix chi the outer ones; many large dusters of major pedi- 
cellariae are attached to the inner edge of the plates within the fur- 
row. A few much lat^r, Uunt-ovate, major pedicellariae with 
findy denticulate jaws, occur on the interradial spaces and between 
the proximal marginal spines. 

The type was taken off the Arctic coast of Alaska by the 
U. S. R. S. " Corwin " in 1885, No. 16889 (U- S. Nat. Mas., No. 
15820). 

ASTERIAS NANIMENSIS Verrill, sp. aov. 
Plate Ud, ficurea t-ib (dorial and actual lidet). 

Rays five, long, narrow, tapered, nearly half-round, the hdght 
about equal to the breadth as dried. Radii, i8o mm. and i8 mm. ; 
ratios, i : lo. Whole upper surface of rays and disk pretty regu- 
larly reticulated by the lobed pUtes and ossicles, each plate bearing 
a angle central terete spine, 1.5 mm. to 2 mm. high, with a blunt 
fluted tip. These spines, on the rays, are arranged nearly in 
quincunx, but the median dorsal row is distinct, with the spines 
pretty r^;ular and dose together. The upper marginal row is dis- 
tinct but scarcdy different from the dorsals. Between the upper 
marginals and the median row there m^ht be reckoned four or five 
zigzag and irregular rows, but the arrangement is rather reticulate. 
The dorsal spine-bearing plates are small, with a central boss and 
usually four or five lobes, giving a stdlate form, the lobes united 
to those of adjacent plates by one or two small ossides, thus leavit^ 
rather large, quadrangular, rhombic, or pentagonal papular areas 
between them. Lat^e dense dusters of minor pediceBaric surTOund 
the bases of all the dorsal and marginal spines, and the outer sides 
of the peractinal spines. The upper mai^inal plates are much like 
those above, but rather stouter and in a more r^^lar row ; their 
inferior lobe is larger and stouter than the others, is shoe-shaped, 
and joins the upper lobe of the lower maiginal plates, usually without 
an intervening osside, leavii^ a well defined narrow marginal dian- 
nd with large quadrat^iiilar papular areas between them. The 
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lower mai^inal pbtes are similar and equal in number, but more 
r^^r. Each bears a single spine much like the dorsals in size and 
form. Below this row there is a wide naked channel with lai^ 
papular areas, like those above it Between this row and the adambu- 
lacral plates there is only one row of plates. These are redconed as 
peractinal plates. They correspond in number and size with the 
mai^nn^ sitJ sre placed close to the adambulacrals, which they jcun 
generally with no connecting ossicles between; when rarely such 
ossicles occur, they are few and very small or rudimentary. In the 
narrow channel between the peractinal and adambulacral plates 
there is a row of small papular areas, each with one or few rounded 
papulx. Each peractinal plate bears two strong equal spines, 
decidedly lai^^er and longer than the marginals, the proximal ones 
3 mm. to 3 mm. long. Their tips are usually Battened, and often 
enlarged and fluted or grooved. 

The adambulacral spines are nimierous and regular, two to a plate, 
forming two close rows ; they are tapered, blunt or subacute, about 
four pairs correspondit^ to one peractinal plate. Major pedicellariae 
are few on the type. Those found were on the adambulacral spines 
and inner mai^^s of their plates. They are rather lai^e, lanceolate, 
acute, about as thick as the adjacent spines. None were found on 
the back. 

The disk is reticulated much like the rays, with lai^ angular 
interspaces. The madreporite is large (5 mm.), prominent, with 
radiating and dichotomous gyri. It is surrounded, in the typ^ by 
seven spines, like the other adjacent spines. 

The central disk-spine rises from a five-lobed plate. It is sur- 
rounded by five spines, and beyond this with a circle of ten spines. 

The type is from Departure Bay, Nanaimo, British Columbia, 
twenty-five fathoms, mud (Chas. H. Young, Canadian Geological 
Survey, 1909). 

This species seems to be closely related to the genus Ortfuu- 
terias, in several respects, and especially to O. kahleri, by reason of 
the rather indefinite or sublongitudinal arrangement of its dorsal 
spines, in about seven obscure rows. It differs from the latter in 
the shorter, stouter, fluted and crowded dorsal spines ; the prominent 
median row ; the double peractinal row of elongated ^ines ; etc. 
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ASTERIAS ACERVATA StimpwMi. 

PUte xxrn, fignra l, 2 (vtr. actrvota, type) ; plate cti, figure 3 (var.). 

Atttriaa nAeiu (tart) and A. MMiiufa (pars) FAaaicnis, Fauna Grocnl, pp. 

367, 370k 1780 (mom LimnI). 

Atttrias vialaeea SASiira, SappL Vmnj't Voyage, p. cn^m, iSm (mom HQller). 

AttgraeoHlhiom folarit MOiua and Tkoschkl, Syit Aater^ p. 16, 1S43 (yonng). 

Steenitnip, 1855, p. 340. Lutken, Vidcnsk. Meddel, 1857. PP> aS, ag, 1857. 

Perrier, Ann. Sd. Nat, Parii, pp. 33-36, pL i, fig. 6, 1869. Dnncaa and 

Sladen, 1878, pp. 365, a66, 187S ; ditto, Ediinod. Arctic Sea, pp. 33-37, pL 

□, figB. 4-S, 1881. 

Atttriat fohrtt Stihfsoh, Proc Boston Soc, vm, p. 371, 18611. VerriU, Proc 

Bofton Soc Nat Hiat, x, p. 356^ 1SG6; 1867, p 368; Amer. Joum. Set. 

XI, p. 430, 1876; Amer. Joum. Science, 3cux, p. 308, 1S95; in Packard, 

Fauna of Labrador, p. s68, 1867. Perrier, Arch. Zool. Exp£r., pp. 332, 

3S7, 1875 (Greenland examp, detcribed). Bush, Proc U. S. Nat Una, 

n, p. 246, 1883. Sladen, Vof, Challenger, xxx, p. 816k 1889. Lndwig, 

Fauna Arctica, i, p. 485, tgoo (distribution), mom Sabine, 1834. 

Atttriag aetrvata Stihpsov, Proc Boston Soc Nat Hist, vm, p. ^i, 1861. 

Bell, op. dt, i88t, p. 494. Murdoch, Report International Polar Exped, 

f. 158, 1885. Lndwift Ediinod. dea Beringsmeeres ZooL Jahrb., p. 3^, 

t886; Fauna Arctica, t, p. 485. 1900. Sladen, Vc^. Chall., xxx, p. 818^ 

1889. Bell, 18S1, p. 494. 

Atttrias bortalis PsBKna, Arch. ZooL Exp^., i7, pp. 333, 357, 1875 (descr. 

Labrador example). Bdl, op. dt., 18S1, p 497. 

Atttrias doMglati Paaans, Rhiit., Ardi. ZooL Expjrim., tr, pp. 333. 357, 

1875 (based in part on one of Gray's nippoaed cotypet of A. kathtrima^ 

A. folarit, teste Perrier, in note, p. 357). Bell, Arrangement, p. 4p?, 1881. 

Of the true Atlantic poUms' I have examined lai^ numbers of 

examples, in various collections, and have also collected it m>'selt on 

the southern coast of Labrador and at Anticosti Island (1861), 

where it is common at low tide among the rocks, often associated in 

that region with A. vulgaris, which it resembles in size and color. 

Among htmdreds of specimens, I have never seen one with five 
rays, though such are said to occur very rarely. 

The size, form, and arrangement of the dorsal spines vary widely, 
as in all the allied species, but still the general appearance is pretty 
characteristic The dorsal spines are always numerous, capitate (or 
when more slender, clavate), and always more or less clustered or 
acervate, unless in very youi^ examples. 

In large Labrador specimens, seven to nine inches in diameter 
(larger radii may be 100 mm. to 150 mm.), the dorsal spines 

'This form should be called Atttrias aetrvata bortaHs, since A, Polaris 
M a preoccopied name. 
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become much more numerous and more conspicuously clustered 
than in those of the ordhiary sizes. 

The upper and lower mai^inal spines are conspicuously longer 
than the dorsals and are usually tapered. They commonly stand 
siagly on each plate and fonn a simple txiw in each series <m the 
ha^ part of the rays, but distally-the upper row usually becomes 
double, with two spines on each plate. A short lateral row is often 
interpolated between the two marginal series. 

The actinals are like the maiginals and form one continuous and 
usually simple row, close to the lower mai^inals. The marginal and 
actinal plates are stout, wide, and closely joined. 

The subactinal spines are rather smaller and do not usually extend 
beyond the basal third of the rays ; they are close to the adambula- 
crals. The latter are biserial, but an occasional plate bears but one 
spine ; they are slender, tapered, and terete, and carry conspicuous 
clusters of minor pedtcell^iae. 

The major pedicdlaric of the Labrador borealis are very variable 
in size, just as Stimpson describes those of acervata. Those scat- 
tered on the back are very small, short-ovate ; those on the lateral 
channels are much larger, but not unusually large, and vary from 
short-ovate to triangular-ovate ; most of them are short, with very 
obtuse tips, and are not distinctly serrate externally. Some speci- 
mens have only a few of these p^icellarise, and of smaller size than 
usual. 

The cokn' in life varies from pale red or pink to purple and pale 
violet. 

The name A. Polaris is preocxupied 1^ Asterias pohris Sabine, 
1834. 

The original type of Dr. Stimpson's Asterias acervata is still pre- 
served in the U. S. National Museum. Photographs of it have been 
sent to me by Dr. R. Rathbun for reproduction. (See pi. xzvil, 
figs. I, 3.) 
Dr. Stimpson gave the followii^ description: 
" "Rxys six, more convex and more tapering than in A. polaris. 
Disc of moderate size. Proportion of the diameters, i : 4.5. Ambu- 
lacral spines in two rows (two to each plate), rather stout, cylin- 
drical, and thickly covered with minor pedicdlarise near Ae tips. 
Ventral spines standing in two or three irregular rows. Lateral 
channel not well mariced, and sometimes occupied by very small 
spines. Lateral spines standing singly in one row, and more pointed 
than the ventrals. Dorsal spines more numerous and crowded than 
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ia A. poloris, and of greater diversity in size, tfie larger ones being 
collected in heaps which fcMm three r^;ular longitudinal rows on the 
ra;s. These large spines are capitate, with obtusely conical and 
striated heads ; there are usually about six spines in each heap, the 
central one beii^ much the largest and overtoppii^ the others, which 
form a circle around it The small spines between the heaps are 
quite uniform in size, and have globular tips. Disc surrounded by a 
ring of six heaps of spines, within which there is sometimes another 
ring of the same number, and always a heap in the middle. Madre- 
poric plate surrounded with a circular canal and a ring of thirteen 
spines. AH the spines, both ventrals and dorsals, are surrounded by 
minor pedicellarife, isia A. poloris. The major pedicellarix, wbidi 
are most numerous on the sides of the rays, are scattered, and very 
irrq^ular in size, varying from one two-hundredth to one-twentieth 
of an inch in length ; the largest ones are stout, as kmg as broad, 
conical, or almost globular, having valves witii broad, dentated 
extremities. Papulse numerous, scattered, and often forming groups. 
Color, in life : above, clouded with very daric brown ; madreportc plate 
cream-colored. Sides of rays, and inferior surface, of a yellowish 
cream-colcH-. Diameter, five and a half inches. 

" Habitat, Behring's Straits, on clean gravelly bottoms, in from 
five to fifteen fathoms. U. S. North Pacific Expedition. Wm. 
Stimpson." 

Dr. Stimpson was the naturalist of the North Pacific Exploring 
Expedition, under Ringold and Rogers, and therefore probably made 
his notes on the ctdors from personal observation of living specimens. 
I have received from the U. S. National Museum a specimen from 
Cape Smith, Alaska (No. 7630), wbidi agrees very closely with 
Stimpson's type. The radii are 15 mm. and 55 mm. The dorsal 
spines are formed as described by Stimpson and are conspicuously 
acervate ; but though the clusters are somewhat in three radial rows 
on the rays, the rows are decidedly irregular. Between the clusters 
the ossicles are obviously areolate or reticulate, and bear small capi- 
tate spines. The upper marginal spines are about equal in thickness 
to the larger dorsals and ratW loiter; they stand either one or two 
on a plate. The lower marginals are longer but not so stout, and 
form a r^ular row, (me to a plate. There is a short intemiaig;inal 
row of smaller spines proximally. The peractinals are similar to the 
lower mai^inals and form a regular, simple row dose to the latter. 
Subactinal row short. The adambulacral spines are irregulariy 
diplacanthid ; they are moderately long, scarcely tapered, obtuse. 
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Cape Smttfa, Alaska (Murdoch, Point Barrow Expedition, 1884). 

A young apedmen of acervata (U. S. Nat. Mus., No. 6082), from 
Kazan Bay, Alaska, collected 1^ Dr. W. H. Dall> in 1873, at low 
tide, dlifiers considerably from the type. This is probably due largely 
to immaturity. The radii are 16 mm. and 48 mm. The principal 
dorsal spines are short, capitate, and form numerous small, but con* 
sptcuous raised clusters on the disk and median zone of the rays, but 
are lacking on the superolateral surfaces, where there are two pretty 
r^;ular rows of very small capitate spines and some scattered. The 
median clusters are so crowded that they are often in contact proxi- 
mally. The two mai^inal and the peiactinal rows are r^ular, one 
to a plate, except that the upper marginals are double distally. The 
upper marginals are short, capitate, nearly as lat^e as the larger dor- 
sals ; those of the lower marginal and peractinal rows are lai^fer, not 
so stout, davate or subclavate. The adambulacral spines are numer- 
ous, subdiplacanthid ; distally they are davate, but become longer, 
more slender, and subacute near the mouth. The pedicellarix are 
similar to those of the preceding form, but less numerous ; the large 
dermal ovate-lanceolate pedicellarix are present The apical plate at 
the tips of the rays is rather large and the small spines are thickly 
dustered around it 

Ludwjg (op. dt., 1900) suggested that acervata is identical with 
A. camtsekatica Brandt (op. cit., 1835). If this could be proved, the 
latter name would have priority over all the others. But Brandt's 
description, which was based on a colored drawing of a young or 
small six-rayed starfish (diameter of disk one inch, length of rays 
one to one and one-fourth inches), is far too imperfect to be of 
much value by itself for the identification of a species of this genus. 

I have elsewhere given as good or better reasons for identifyii^ 
his spedes rather with a different one {A. multiclava) found on the 
Siberian coast (see p. 114), but his description would ^ply as well, 
also, to forms of L. epicklora. 

On the Atlantic coast this Arctic spedes extends southward to the 
Gulf of St. Lawrence, at Anticosti Island, etc, and to Newfoundland 
and the fishing banks off Nova Scotia, but not to New England. 
It is common on the Labrador and Greenland coasts as far north as 
uortfi latitude 70', at least On the Pacific side it is fotuid in the 
Arctic Ocean and on the coasts of Bering Sea and the Aleutian 
Islands, but so for as positively known to me it does not occur on the 
southwest coast of Alaska. It is also known from Siberia. A 
typical specimen of aceivata, received from the U. S. Nati<Hial 
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Uuseum (No. 7630), was found on the beach at Cape Smith, 
Alaska, October, 1881, by Mr. Murdoch (Point Barrow Expedi- 
tion). The jroung specimen described above was from Nazan, 
Alaska (W. H. VaO). 

Ladwtg (op. dt, 1886, p. 387) refers to A. aeervata as follows : 

" Of this species, which has become known through Stimpson, 
there are a number of examples, the largest of which measures 
17.5 mm. The specimens come from Bering Strait, from a depth <A 
from five to fifteen fathoms, and according to their exact localities 
are divided as follows: Two specimens from Lorenz Bay; one full- 
grown and one quite young specimen from Emma Harbor, Plover 
Bay ; oat specimen from St. Matthew's Island ; one specimen from 
northwest of St. Matthew's Island, at a depth of twenty-five 
fothoms ; one specimen from St. Paul's Island ; three specimens with- 
out definite locality, from a depth of from twenty-three to twenty- 
five fathoms. AH the foregoing specimens are six-armed ; and fur- 
ther, one five-armed specimen from St. Paul's Island." 

It seems probable that Stimpson's A. aeervata is not specifically 
distinct from the North Atlantic and Arctic A. polaris. 1 have 
compared typical specimens of it with specimens of A. polaris from 
Labrador and found a dose agreement, so that there can scarcdy be 
a doubt of thdr identity, though they may be separated as ge<^aphi- 
cal varieties. In that case the North Atlantic form should be called 
Asterxas aeervata borealis (Per,). 

Stimpson's description applies fairly well to some specimens of 
the same size from the Atlantic, except in one particular. He 
mentions the occasional occurrence of stout, serrate major pedicel- 
larix in the lateral chaimels, evidently referring to the form char- 
acteristic of the various spedes of Pisaster, and also found in 
Leptasteriat epkhlora ahskensis Ver. and var. subnoduiosa Ver. I 
have not been able to find such pedicellariae on the Atlantic A. polaris. 
Therefore, it is not unlikely that some of Stimpson's specimens 
belonged to subnoduiosa, which is also six-rayed and acervate and 
often has much resemblance to his A. aeervata. Moreover, it is a 
very common littoral variety on the Alaskan coast, and Stimpson 
could hardly have failed to have had it in his possession. But in 
other respects his description certainly does not apply to the latter. 
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ASTERIAS KATHERIN^ Gray («Ofi Perrier). 
Plate u, figure* i, 3; plate la, figure i (dorsal, large) ; plate ixxxm, figure i 

(details). 
Arttriat kathtrim^ (jkat, Annals and Mag. Nat. Hist, ti, p. 179, 1S40; Sjiu^ 

ria, Genen and Spedes, p. a, 1866 {non Fenier, 1875). 
Asfroeomthitm katluriiut MOun and Troscbil, Syst Aster., p. ig, 184a 
(tnntlation from Graj). Dajarditi et Hupi, Echinod^ in Snttes i 
BufFon, p. 339, i86iz (truuUuion). 

Gray's brief description of A. katherina is as follows: 

" Rays Wi. or rarely five, nearly three times as long^ as the width 
of the body ; bade with scattered and crowded, bltint, roi^-tii^wd 
spines." He placed it in his section having the adambulacral spines 
crowded " as if two- or three-rowed," with the back " netted," 
ventral spines in two or three rows ; lateral spines in a sin^e row. 
He gave the locality as " mouth of the Columbia River, Lady 
{Catherine Douglas." 

To this species, long misunderstood and little known, I refer with 
confidence a good specimen obtained by Mr. A. Agassiz in tbe Gulf 
of GtoTf^ about i860 (No, 1181, Mus, Comp. ZooL See plates 
u, ui.) It agrees in all respects with Gray's brief description. 

Rays six, moderately stout, evenly convex above and regularly 
tapered ; larger radius, 85 mm. ; shorter, 18 mm. ; ratio, i : 4.72. 

The dorsal spines are very numerous, mostly rather small, none 
large. Smaller ones clavate ; larger ones somewhat capitate ; 
arranged crowdedly without any regular order, but reticulate or in 
short rows in many places, both on the disk and rays, not acervate 
and not conspicuously diverse in size, though many on the transverse 
ossicles are quite small. The median dorsals are like the rest and 
do not form an evident row. 

The superomarginals are a little longer and more cylindric, obtuse 
or sightly clavate, placed in a regular row, one to each plate. 

The inferomarginals are quite similar and stand mostly one to a 
plate, but occasionally there are two to a plate. 

The interactinal spines are shorter and stouter than the marginals, 
cylindric or slightly clavate, obtuse or pinched at the tip, nearly 
smooth. They form two dose rows, or three in some places, proxl- 
maUy, crowded between the inferconai^inals and adambulacials, 
with very small papular areas around and between them. 

They apparently stand on two dose rows of interactinal plates, 
for there are small papular pores between the rows. The subactinal 
n>w extends in most cases only about half the length of the ray. 
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The adimbuhcnl spinet are tmustullj munerotu, crowded in 
diree or more rows. They stand mostly two oi a plate, but oftoi 
there are three on part of the plates, or alternately two and three. 
They are of moderate length, the outer ones loi^^, terete, sightly 
clavate, obtuse; the inner ones shorter, acute. Oral spitua stouter, 
a little curred. 

The minor pedkcUaric are veiy small and form small wreaths on 
the dorsal and stQ>eroniai^inal siMnes. The major pedicdlarite are 
very numerous and small, orate, diose on the dorsal side are wius- 
ually small and thiddy scattered over the dermal areas. On tiie 
ventral spines they are little larger and more acute, numerous on the 
spaces between tlie actinal and marginal and adambolacral spines, 
and also form clusters on the sinnes. Those on the lateral areas are 
rather larger and more lancec^te, but still smaller than in most 
q>ectes. All the p^mlar areas are small. The madrqioric plate is 
laf|^ with very numerous gyri. 

Gulf of Georgia (A. Agassiz, i860. Mas. Comp. ZooL, No. 1181). 

Thb species, as here described, resembles A. boreaUs in form, but 
it has smaller and more numerous dorsal spines, not acervate, and 
the actinal and adambulacral spines are more numerous and more 
crowded. The pediceUarite are also different. 

M. Perrier (1875, p. 333) stated that he found in the British 
Museum a number of specimens, some of which probably were 
Gray's types (though the Ubd was loose). Most of these were six- 
rayed and monacanthtd, but two were five-iayed. With them was 
also a single specimen of a six-rayed dtplacanthid species that 
Perrier referred to A. dougUui, which last Bell, Perrier (1881), and 
Ludwig ( 1900) referred to A. potaris = horeaOs. 

It is evident that Gray's name must be api^ied to a Uplacantkid 
spedes, not to the mooacantbid species to which Perrier restricted it, 
and which I have named A. groyi. If it were really certain that the 
specimens found by Perrier were Gray's cotypes, the name should 
be applied either to the six-rayed one called douglasi by Perrier, or 
to the five-rayed specimens referred to by him. But as the label was 
loose, it may well have been mi^tlaced in the long interval of time 
(thirty-^ve years), or other qiecimens may have been added to 
the origmal lot Such accidents happen in all musetmis. It is not 
unlikely that the douglasi Per. of (he British Museum lot is the same 
as the species described by me as kathentta above.* 
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If A. douglad* be really identical with A. bor*<dis, as some claim, 
and that particular specimeii, seen, but not described, by Perrier, is 
the same, it could hardly have been from the mouth of tiie Columbia 
River, as stated by Gny; for A. borealis (or aetrvata) has not been 
found on the northwest coast south of the Aleutian Islands by any of 
the numerous recent expeditions to that coast, so far as I know. On 
the oth^ hand, the tnonacanthid, six-rayed species (grayi V.) 
belongs to a group of allied species well represented in Puget Sound 
and southward, so that the locality given by Gray mig^t be ri^t for 
that one. What his five-rayed specimens were I do not know; pos- 
sibly they were E. troschelii. 

ASTERIAS MULTICLAVA Verrill, sp. nov. 
Plate Lvni, figure 3\ plate ux, figure I (large, sctinal) ; plate uttx, figure i; 

idate Lxxxn, fignrea 3, aa (detail*). 
ff Astrrw camltchatica Brandt, Prod., p. 370; 1835 (deicription insafficient, 

perh^i A. tpieUora. suc-rayed var.). ? Stnxberg, Evert. Fauna Sib. Is., 

p. 38, 188a Sladen, Vof. Chall., p. Sao, t8S» Lndwig (pars). Fauna 

Arctica, i, p. 485, igoo (distribution). 
ff AsttracanthiuiK camUchaticum Bsahiit, in Hiddendorff, Reise, n, p. 33> 

1851. ? Gnibe, Nova AcU Acad. Oes. Leop., xxvn, pp. 33, 36, 1857 

( AtlfracoHikion) . 
Rays six, rather long and tapered; disk small; radii, 14 mm. and 
62 mm. ; ratio, i : 44. Dorsal and ventral spines short, davate, and 
capitate, very numerous, arranged largely in distinct radial hands. 
The dorsal spines are all similar in form and not very diverse in size. 
They form three or five crowded rows, with stmie scattered between ; 
the median row is a little more conspicuous and its spines are 
crowded and a little clustered in many places. Those of the disk 
form many small dusters, but are not acervate; a cirde of the 
smaller ones surrounds the madreporite. The superomarginal row 
is r^;ular and compressed, having either two or (in the adult) three 
capitate spines to a plate. The inferomarginals are loiter, stout, 
davate, and stand either one or two to a plate, according to the age. 
The peractinals are similar, and stand mostly one (in the young), 
but often two (in the adult), to a plate; there is also a short sub- 
actinal row, and a short proximal, intermarginal row of small spines. 
Thus in the adult the lateral and interactinal spines are unusually 

* The tTpes of A. dougUui are, apparently, the fire spedmens, without localitj', 
preserved in the Parti MnKam. The Britiib Mnteoni ipecimen may not 
have been identical, but raJiy Gray's type, from off the Columbia River. 
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numerous as well as tiie dorsals. In two smalt specimens, with the 
larger ladii 24 mm. and 98 mm., the inferomai|^nal and the per- 
actinal rows are single, but the superomarginal rows are double. 
The spines in these are less davate. The adambulacrals are irr^n- 
larly diplacanthid ; distally they are slender and snbclavate, obtuse; 
proximally they become much more slender, longer, tapered, sub- 
acute. They have large clusters of minor pedicellarise, with some 
small maJOT pediceUarix intermixed. Small clusters of minor pedi- 
cellarie are also fbond on tiie lateral and dorsal spines. Dermal 
major pcdicellarix of small and moderate sizes are numerous between 
the lateral rows of spines. They are orate and orate-lanceolate in 
form, and subacute; others, much -smaller and nxistly ovate, are 
found with them and also on the dorsal surface. The pqnilar areas 
are small. Color in life : " Above, deep olive green with the tips of 
the spines whitish; those of the edfpes veiy pink" (Stejneger). 
The type (No. 15841, U. 5. Nat. Mus.) was taken February a, 
1883, at Bering Island, Commander la., t^ Dr. L. Stcjn^;er. Three 
smaller specimens are fnMn Petropaul^, Siberia, AJbaiross col- 
lectMMi. 

This species is evidently related to A. actrvata boreaiis. It differs 
mainly in the pretty r^ular arrangement of the dorsal spines in three 
or five multiple rows ; in having the sttperooiarginal rows of plates 
double- or triple-spined, and the inferomai^:inals and pcractinals 
double-spined when adult. These features I have not seen in the 
Atlantic boreaiis, nor in the Pacific form, A. acervata. The young 
specimens resemble somt species of Leptasleriat, like L. dispar. 

The species very imperfecUy described by Brandt, from Siberia, 
has always been doubtful, Ludwig considered it the same as 
A. actrvata Stimpson (see p. ito), but that does not seem very prob- 
able. It is more likely to have been this species, if either. 

Brandt's original description was based on a colored drawing of 
a very young specimen (" diameter of disk, one inch; length of rays, 
one to one and one-fourth inches ") . 

Aside from the size and cok>r, the ofdy other characters given are 
that the dorsal spines ("papilke") are numerous and "truncate- 
capitate," reticulate, and form "subangular series" on the rays. 
The last statements do not apply very well to A. actrvata, but would 
apply very well to this species, and also to scxne of the six-rayed 
varieties of epichlora. But the latter is not known to me from the 
Arctic Ocean nor from Siberia. 

The capitate form of the larger spines is diaracteristic of all these 
fonns, as well as many others. 
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On the whole, espedally considering the locality, it is more prol>- 
able that Brandt's original type of A. eomtschatica was the same aa 
ttie present species ; but the description is so ind^nite and vague 
that it seems unsafe to use his name, for the q>ecies of this group 
are v«ry numerous. 

Genus Leptastarias VerrilL 
Ltptatttriaa Vnaiu, Proc Boston Soc Nat Hut, x, p. 3S0, 1866. Type, L. 
mUUri San. SUden, V<qr. CbalL, xxx, p. 563, 1889. Perrier, Exp. Tnt. 
et TaJimi., p. loB. 

An extensive group of small, more or less dtplacanthid starfishes, 
dosdy related to typical Attmat, usually with a stn^^e row of inter- 
actinal plates and ^nnes. Rays five or six. The more typical forms 
have slender rays and a small disk, with the dorsal ossicles irregularly 
arranged ; others have several subimbricated radial rows, vrtth dus* 
tered sinnes. It differs especially from typical Asteriat in the dimin- 
ished number and larger size of the dorsal and lateral pj^nilse, and the 
small number of interactinal plates, of which there is generally only a 
stn^ row. The eggs and young are carried in clusters, adhering in 
front of or around the moudi in moat if not all the species. The genital 
pores are on Utt actinal side, near the mouth. The oviduct is wide 
and short; the ovarian tubules are few, thick, beaded by the eggs. 
(See also p. 8). Type, i. mwHm (Sars). 

The most abundant species of Alaska (L. epichhra) is by no 
means a typical member of this group, for in many respects it is 
intermediate between it and typical Asterias, especially in havii^ 
larger clusters of papuke and often two proximal rows, or sometimes 
three, of interactinal spines when of large size. 

The q>ecies of this group are remarkably variable in many cases. 
This is particularly true of those inhabiting the vast extent and 
varied localities of the Northwest coast. 

This unusual tenden^ to form marked, man or less localized 
varieties is, like the same [4ien<Hnenott seen in the genus Henricia, 
probably due to the txt that most, if not all, of the species of these 
genera carry their young, until they reach the starfish form, attached 
to the region about the mouth, and consequently have no free- 
swimming larval stages {brachioloria) , sudi as we find in the 
spedes of typical Asterias. The free-swimming young of the latter 
may remain afloat many days, or even weeks, and thus they may be 
carried long distances by the currents, in one generation, or they 
may be scattered in different directions over lat^ areas, thus mixing 
up the young from various localities. 
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On the contrary, the seuile coodition of the young in tiie species 
of Leptastetias tnsares greater safety, and though the tggi are much 
fewer in number, a far greater per cent will reach maturity. 

This method of propagation precludes the rapid difFasion of such 
species, for they can only m^rate by means of the slow method of 
creeping by the use of their ambulacral feet, unless accidentally 
carried, attached to floating objects. Under these conditions any 
local variatioos that may arise, unless harmful, are likely to be per- 
petuated by inheritance and ist^tioa. As a matter of feet, many such 
varieties are already known, some of which may be quite localized, 
so far as known, while others, pndiably of modi earlier origin, are 
diffused frcMn Puget Sound to ^e Aleutian Islands. 

Ytxy extensive collections along the whole coast are needed before 
the real status of many of the varieties in this group, as well as in 
Hfnricia and Pttrasttr, all of which carry their young, can be settled. 

Our present collections are quite inadequate. The most that we 
can now do is to describe and figure those varieties that we happen to 
obtain and that seem wortiiy of recognition. 

It is not to be supposed that th^ will be found oonstant, nor that 
tntermediate forms will not occur. That coast seems to be one vast 
nursery iot new varieties and subspecies. 

Some of the odd forms are probably hybrids between distinct 
species, but at present there is no way to determine Aas. Some of the 
forms classed in Leptatterias may eventually prove to be the young 
of larger species of Asteriaa proper, for the latter all pass thiroi^^ 
a LtptasttriasAike stage in the course of their growth. It b imposa- 
ble, in many cases, to distinguish these young forma without larger 
series of intermediate sizes. The only positive criterion, in many 
cases, would be the po^oa of the genital pores and the incubatioo 
of the young, which have not been observed in many species. 

LEPTASTERIAS ( ?) INEQUAUS VerriH, ^. nov. 
Plate Lxxm, figure a; text-fignres 4, 5. 

The type is a small five-rayed starfish with depressed. nq)id]y 
tapering and rather acute rays. Radii, 7 mm. and 36 mm. ; ratio, 
1 : 3.71. 

The dorsal ossicles are lobate, numerous, mostly flat and closely 
united, leaving small papular areas, and not distinctly reticulate in 
arrangement The larger plates in the median and intermediate rows 
are convex and more prominent. The ^ical plates are smaller than 
in epiehlora of the same nze ; hence the rays are more acute. The 
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dorsal spines are very unequal in size and form. Those on the 
median radial rows, and in the incomplete, short, intermediate series, 
are much larger than the rest, about as broad as high, witti round 
capitate tips. They mostly stand sii^ly, but often two to a plate. 
Large numbers of very mtich smaller, unequal, minute spinules are 
thickly scattered over the surface, but not crowded. These stand 
singly or in small groups on the smaller, intermediate ossicles. Each 
spine is surrounded by a circle of minor pedicellariae, nearly as large 
as tfie smaller ^ines. These small spines are slender, two or three 
times as long as thick, terete or slightly davate, obtuse, partially 
ctMKealed by the wreaths of pedicellarix. 



Ltflaiitriat iHtfuoKi V. type, i, PortiOQ of the doiul lurficc ihowing ipLDCl of divcrM 
die*, wreath* of mlDor pedfcclUriK, tut papular porta. X if. li. The aamci a, a', adam- 
bulacral apinca and cpiapioal pcdiKlIarlit: b, double row of interactiaalapiDea with cpiapioal 
pedkcltatlB and major pedkeUarlK between their ha m ; t, inferomarfiiial apinet wHh 
epiapJBal pcdkellarlM. 

The disk is covered with numerous scattered, unequal spines, 
which do not form very evident circles around the madreporic plate. 
The Utter is small, with fine gyri, and not very far from the center. 

The upper marginal spines are decidedly longer than the median 
and slightly tapered, obtuse or subacute; they form a regular single 
row. 

The inferomarginals and interactinals are a little longer, more 
slender and less obtuse. The inferomarginals and peractinals each 
form a single continuous row, the spines becoming shorter and more 
obtuse distally. The subactinal row extends to about the middle of 
the ray. The lateral channel between the two marginal rows is 
narrow but very distinct 

The adambulacral spines are about as long as the peractinals, and 
nearly as lat^. They are terete, often a little thinner in the middle 
and slightly enlarged toward the obtuse or subacute tips; those 
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towards the tnoath are distinctly longer, more slender, and more 
acnte. The mouth is not much sunken and the adoral caiinse are 
short, composed of only two contingent pairs of plates, besides the 
cpiorals. The apical pairs of peronl spines are well developed, but 
shorter and not stouter than the average adambulacrals ; the side 
spine is about half as long, strongly divergent, so that those on 
adjacent jaws often have their tips in contact and tiius might form 
a continuous fence around the oral area. The q>iorals and adorals 
are long and slender, tapered, subacute; they often bear both minor 
and majn- pedioeDarie. The latter are small, ovate-lanceolate, sub- 
acute. Minor pedicellarix are abundant on all the sfHnes, forming 
doM wreaths on the dorsals and superomarginals, but secund clusters 

A 



lAptaiUritt iutft^it. lil, Oaa af tlw }am, a, ■; a", a', apkal 01 peronl ipincii 
•", UtenI jaw-nine*; *. the Grit pair at epiorai or auboral apinca; t', id pair; p. pcdi- 
ccUaiiB; X 17. it. Out at the adonl ^liiia) X 17. t, A maior pcdkellirla more enlartcd. 

on all the spines of the lower surface. Major pediceUariae are few 
in number, small, ovate or ovate-lanceolate. 

The type is frwn Oca, Alaska (Prof. W. R. Coe, Harriman 
Expedition) . 

This is, quite probably, the young of a larger spedes, perhaps not 
a Leptasterios, but I am unable to refer it to any known to me. It 
somewhat resembles some of the five-rayed varieties of epichlora, 
but the flat, closely imbricated dorsal ossicles, without many reticula- 
tions, forbid its union with that protean species, at present, for no 
intermediate spedmeos have been found. 

LEPTASTERIAS LEPTALEA Verrill, sp. nov. 

Plate xvtu, fignre 3 (tTPe). 

A small and very delicate five-rayed species. Radii, a.5 mm. and 

15 mm. ; ratio, 1 : 6. Rays terete, evenly tapered. Doreal ossicles 

relatively strong, thickened, especially those in the median rows. 
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Doml qiines not ntunerous, amkal, relatively itout, nsiully stand- 
ing sii^y, one to an OBside, and fomuiig three or fire rather irregu- 
lar rows. Ocular plate rdatively large, bearing a dense chister of 
small spines. Minor pediceQaric of unusually large size and with 
strongly curved blades are usually numerous in gixntps around the 
dorsal spines and on the papular areas. Adambulacral spines mostly 
two to a plate, or alternately one and two distally, very slender, 
terete, often sli^tly davate. Lower mai^ftnal spintt, whidi are mudi 
larger, acute, conical, like the dorsals, but loiter, fonn a m$ik row 
next the adambulacrals, or there may be two to a plate, proximally, 
in the larger q>ecimens. The synactinal plates tpptar to be few 
and small, or altogether laddi^ in our examples, but may occur in 
larger ones. Upper marginal spines form a sii^le row and resemble 
the dorsals in form and size. Major pedicdlarix few, small, ovate. 

The ambulacral feet are in four rows, but the adjacent rows form 
only a zigzag line, so that they sometimes appear almost biserial. 

This qiecies Uxkt very much like a PedietBtuter, not only in size 
and spinulatioo, but also in the character of the pediceUariK. The 
arrangement of the ambulacral feet in four rather indistinct rows 
forbids its place in that genus, however. 

Our specimens are evidently not full-grown, but it probably never 
becomes lat^, perhaps not more than 50 nun. in diameter. 

Vii^n Bay, Alaska (W. R. Coe). 

It is more delicate dian the Atlantic L. tenero, of the same size, 
but has larger dorsal spines, much fewer in number, and the dorsal 
pedicellariae are much larger and different in fonn. The mud) 
smaller number, larger size, and isolated position of the dorsal spines 
indicate that it cannot be the young of C. cribraria w Z,. hexacHs. 
The youi% of the latter, of simitar size, are known to me, and are 
very different 

LEPTASTERIAS ARCTICA (Murdoch). 
Pbte LTi, 6garea i, a (roang); plate UUil, figures I, s; plate txxn, fignrc i; 

plate Lxxxm, fignret 2, as (dcttili). 

Atttriat arctiea (Murdoch), Report of die Intematioii^ Polar ExpeditioD 

to Point Barrow, Alaaka, tmder Lient Ray, 18B5, p. 159. 

Mr. Murdoch's original description is as follows : 

" Rays five, rounded above, dongated, taperii^ regularly to the 

tips. Radii as i : 3.5. Disk small, its radius about equal to width 

of ray at base. Interambulacral spines round and slender, with 

rounded tips, usually two to each f^te. No small spines between 
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tbew and the ventral qnoes. Ventnd siHnes (inferomarginals) 
foim a double row of alternating qnnes, of which the upper are the 
smaller and the lower are larj^ and stouter than the interambu- 
lacrals. Lateral q>ine8 (superomat^^inals) rather slender, foiming 
a sii^^ row. No weU marked dm-sal row, though the iptnes in the 
middle of the arm are rather the larger. The dorsal ^ines are short 
and stout, with rounded, almost capitate tipSt The spines of the 
disk are rather smaller than those of the arms and are arranged 
irr^ulaiiy. The major pedkellarije could not be well made out, but 
appeared to be lanceolate and not numerous. The minor pedicel- 
larie fnm close wreaths around the spines." 

I have examined the tjrpes of this species, which are preserved in 
the U. S. National Museum, and also a number of other lots from 
the same region. 

The larger type-specimen, dried from alccJiol (a), has the radii, 
7 mm. and ja mm.; ratio, 1:4.57. A smaller one (b) has the radii, 
5 mm. and 33 mm. ; ratki, i : 4.6a But it becomes coosideraUj 
larger than these. One of the larger ones from Arctic Alaska (No. 
1438, Mus. Catap. Z06I., pi. uexi), has theiadii 11 mm. and 44 mm.; 
ratio, t : 4. 

This species varies somewhat in the nze and ntnnber of tiie dorsal 
and marginal spines and also in the form and size of tiie adambu- 
lacral spines, and e^>ecially in tfie number of minor pedicdlaric 
The general appearance is somewhat like that of L, eompta, of the 
New Eng^d coast, but the forms of the spines are coarser and the 
pediceUarix are different 

In most cases, including the ^rpe-^>ecimens (a and b), there is an 
evident, but crooked, median radial row of distinctly larger spines, 
when dry. The other spines are rather numerous, imsulariy scat- 
tered, and reticulated, but often forming indistinct longitudinal 
rows, as well as occasional short transverse series proximally on the 
sides of the rays. They are all short and blunt, not minute. The 
latger ones are about as hig^ as broad, somewhat capitate, with findy 
striated and evenly rounded tips ; the smaller ones are more or less 
davate or subcapitate. All the dorsal and marginal spines are 
usually surrounded by dense clusters of very small minor pedicel- 
larix, whidi in alcoholic specimens are attached to a sheath that 
usually rises to mid-hdg^ of the spine, and in the case of the infero- 
marginal qiines, it frequently nearly reaches the tip, and ttms the 
dense dusters of pedicdlarise often ccmceal the tips of the qnnes and 
are nearly or quite in contact with eadi other. But some specimens. 



>y Google 



of small or moderate size, bare only very null chisten of pedicd- 
lariae, and these may be seen only at flie base of the spines, tapt' 
dally wiien dry, the sheaA being rudimentary or contracted ; or they 
may be lacking on many of the ^ines in young specimens. 

Tht superomarg^nal spines are much like tiie dorsals in size and 
form, and therefore not easily distinguished in many ^>ecimens, bnt 
they are usually sli^tly loi^^. In most specimens of average nxe 
there is a short proximal row of more slender spines interptdated 
between the upper and lower marginals. 

The inf eromarginal spines are decidedly longer and larger than the 
upper ones, often being twice as stout They are usually terete, 
scarcely tapered, often slightly curved and obtuse. FrequenUy they 
stand two to a plate ; the upper ones are smaller ; but in many cases 
they stand singly, in a regular row. The larger specimens usually 
have a short proximal row of interacdnal spines, similar to the 
inferonarginals. This is true of the larger of Mr. Murdoch's type- 
specimens. The adambulacral spines stand one or two to a plate in 
irregular alternation. They are nearly as long as the inferomarginals, 
usually much more slender, terete and blunt, sometimes sli^dy 
davate, but in some cases they are stouter than usual and nearly as 
lai^ as the inferotnaif^inals. They usually bear dusters of minor 
pedicellarise, and many istdated major pedicdiarise. 

The apical peroral spines are usually rather large and strong, 
being considerably stouter than the adorals. The q>iorals are also 
rather stout and distinctly Icnger than the adorals. 

Major pedicellarise are sometimes few in number, but usually there 
are many of rather small size attached within the maigin of the 
grooves, and some of larger sizes on and between the adambulacral 
spines and oral sptaea. Some of the laig;er kind also occur oa tiie 
interradial areas and lateral channds. They are mostly compressed, 
ovate-lancetdate or oblong-lanceolate, with acuminate tips. The 
larger ones are often as stout as the adjacent adambulacral spines, 
and these usually have dentate tips. 

Mr. Murdoch described the same specimens, as preserved in 
alcdiol, hence he overiooked some of the details, obvious when dry. 

Two young spedmois, which I refer doubtfully to this ^>edes, 
were collected by Dr. W. H. Dall on the coast of East Siberia, at 
East Cape (U. S. Nat. Mus., No. 6031). 

OHiers, similar, were collected in Bering Strait by Robt. White 
(No. 16591. PI. LVi. 6g8. I, 2.) The radii of the lai^st are 
3.5 mm. and 1 1 mm. The dorsal spines are small, davate, arranged 
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in tiiree radial rows, those in die median (hk largest The two 
marginal rows are r^folar and distinct, the spines being longer, 
regularly spaced, one to each plate. Actinals mostly lacking. Adam- 
bnlacral spines slender, sabdiplacanthid. Minor pedicellarite are 
present in small dusters on most of the spines, but form complete 
wreaths on the upper maiginals. One of these young specimens was 
labelled, by Dr. Dall, as white when Hvii^. 

Arctic Ocean, off Point Franklin, in thirteen and one-half 
fethoms, sand (ooU., Murdoch, Point Barrow Expedition), types 
(three), No. 7625, U. S. National Museum; Arctic Ocean, ten 
fathoms (Dr. W. H. Dall), No. 3623 (1669), U. S. National 
Museum; Berii^ Straits (Robt White), No. 16591 ; East Siberia, 
Nos. 6031 and 16584 (young) (W. H. Dall). 

Several jrout^ specimens (Nos. 16584) from ten to fifteen fath- 
oms. Plover Bay, Siberia, probably of this ^>ecie8, are nearly cm- quite 
mooacantiiid. The larger have radii 5 mm. and 15 nun. The dorsal 
spines are unequal, not crowded, the latger are shor^ cai»tate ; all 
are surrounded by pedicellaric in wreaths, unusnally abundant for so 
yoong specimens. Papuhe are mostly isolated ; dermis thick. 

LEPTASTERIAS COEI VerriU, sp. nov. 
Plate tz, figure r; pUte xm, figures i, a (tjrpei). 

A slender species, usoally six-rayed. Disk small ; rays long and 
neatly rounded, tapering gradually. Radii, 5 mm. and 30 mm.; 
ratio 1 : 6, scnnetimes less. 

The dorsal spimiles form three pretty r^:ular primary rows, with 
many smaller ones scattered between irregularly, but not crowdedly, 
and not clustered. Usually the spines stand singly, one to a plate ; 
Ok median radial cmes are larger and form a pretty regular row. 
All are cylindrical or slightly clavate, of moderate length, with 
rounded tips, and are surrounded by small dense wreaths of minor 
pedicellaric, which are nearly in contact in alcoholic specimens. 

Tlie upper marginals are a trifle longer and form a rq^ar row, 
(me to a plate. The lower marginals are rather longer, terete, 
mostly one to a plate, but sometimes with a second smaller one 
pnndmally. An imperfect row of somewhat smaller synactinal 
spines proximally. The adambulacral spines are mostly in two 
equal rows, but some of the plates bear only one spine ; these spines 
are slender, terete, tapered, subacute, nearly as long as the lower 
marginals, but mach more slender ; they bear small groups of minor 
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pcdkeUariae. A few small, long-ovate, compretscd major pedicel- 
lariz occur on the actinal intemdial areas and along the e<^;es of the 
grooves. The papuUe stand singly or in groups of two to four. 
Madnporic {date small, prominent, with few gyri, pale orange in 
al«>hol. 

A smaller qiecimen (pL ix, fig. i ; pL xvn, fig. a), talm at the 
same place, was also preserved in alccdiol. The dorsal spines already 
form five distinct rows, wttfi others between them; the median row is 
ctnspicuous and its spines mndi larger than the others, with rounded 
tips. Wreaths of minor pedicellari« are much smaller and not in 
contact generally. Lateral and ventral spines longer and in very 
r^:ular rows. Madreporic plate is pale orange in alcofaoL In life 
the color was uniform iron-rust color (Coe). 

The types described are from Berg Bay, Alaska, in ten f atiioms 
(W. R. Coe, Harriman Expedition, June lo, 1899). 

This species bears a general resemblance to L. ttnera (St) of the 
New Ei^^and coast, but the dorsal and margiiul ^ines in the latter 
are far more numerous, mudt smaller, and acute ; it very rardy has 
six arms, and its dorsal ossicles are much more numerous. Typical 
qiecimens of L. mHUeri from Greenland are still more closdy allied, 
tmt die latter is a five-rayed spedes, and also has more slender spines 
(though not so slender as in L. tenera), and has fewer pediceQariae, 
somewhat different in form. 

LEPTASTERIAS MACOUNI Verrill, sp. nov. 

Rays six, elongated, slender, rounded and evenly tapered. Radii, 
8 mm. and 41 mm. ; ratios, i : 5. Dorsal ossicles diick but small, with 
large papular pores between them ; median row thicker, forming a 
sli^t carina; others reticulate. Dorsal spines slender, small, scat- 
tered or in several obscure rows, excqtt the median radial row, which 
is distinct, consisting of smaD clavate ^ines, mostly standing two to 
a plate, in nearly simple lines. Similar spines cover the disk. The 
larger intermediate dorsal spines are rather smaller, slender, tapered, 
subacute, mostly one to a plate, arranged somewhat in quincunx, or 
in about three irregular rows on each sid^ the larger papular areas 
f(»ining oblique rows of three on each side. Some minute spines 
stand on the transverse ossicles. 

Superomarginal spines distinct, larger and longer than dorsals, 
obtuse or a little clavate, forming a simple regular row. Infero- 
marginal spines are of similar length or a little longer, subacute, 
mostly two to a plate, forming two altematii^ rows. 
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Interactinal spines are similar to die tnferomarpnals and form 
three simple obltqne rows prcndmally, c»ie spine to a plate, there 
being three rows of small, thidc in ter a c tin al ossicles sqwrated by 
rows of small papular pores. The peractinal row reaches nearijr to 
Ae tip of the ray ; the next one reaches to about the middle ; while 
the third is confined to the basal part of the ray. All these rows bend 
upward pretty r^ularly proximally. 

Adambulacral spines slender, tapered, obtuse, much smaller and 
shorter than the tnteractinals, subdtplacanthid, part of the plates 
bearing one, and part two spines in irregular alternations. Oral 
^ines have been destroyed in Ae type. 

Small wreaths of minute minor pedicellaria surround most of the 
dorsal spines ; major pedicellarix few and small. Madreporite small, 
fine-grained, surrounded by a circle of small davate ^nnules. 

The t3rpe was taken at Departure Bay, Vancouver Island, on rodcs 
at low tide by Prof. John Macoun and party, of the Canadian Geo- 
lo^cal Survey, 1909 (No. 43). It is dedicated to Prof. John Ma- 
coun. I have seen no othen. 

This species most resembles L. hexacHs in general appearance, but 
the latter has the dorsal spines clustered and has fewer rows of 
actinal plates and spines. It may eventually prove to be a variety of 
htxoctis, when a larger series can be studied. I have seen no intei^ 
mediate specimens. 

LEPTASTERIAS VANCOUVERI (Perrier). 
Atttriaa vaneomvtri Vwuimm, SxA. de Zocd. Ej^ir., w, p. 326; it^s. Bdl, 
Trans. ZaSL Soc Loadoo, pp. 4D6> 504. tttt. ?=:v4 htnctii Stinvson. 

No specimen perfectly i^;reeing with this small diplacanthid 
species has ctnne under my observation. 

According to the imperfect description of M. Perrier, it somewhat 
reseraUes, in foim and ornamentation, Aiterias {Stichaster) poly- 
flax. Arms six or seven. Adambulacral spines long, p(Mnted, two 
upon each plat^ but not in two regular rows, the rows irregularly al- 
tematii^ ; each bears on the middle one or two small major petUcel- 
lariie. Outside of these are two rows of pointed ventral spines, larger 
than the adamtmlacrals and suntnmded by a few minor pedicel- 
larise. Ossicles of the dorsal skeleton much as in ordinary species of 
Asterias. On the back are five ranges of groups of small obtuse 
spines, each ossicle bearing a group of three or four spines ; other 
spines are borne on the transverse connecting ossicles, so that tlie 
groups of spines appear confluent and form a vague reticulation. 
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Madrqwric pbte sin^ Dumeter of disk, lo mm.; distance 
between ends of the two arms, 75 nun. 

Vanooover Island (BritiBh Museum). 

This small species, to jadge from d« brief description, shoukl be 
closely allied to, or identical with, L. kexoctis, of earlier date. The 
descripticm, at least, would apply to that species. The tjrpes of the 
latter, rooreorer, were from the same region (Pt^fet Sound). No 
other similar six-rayed species has been found by me in any of the 
large coUectitms recently received from Vancouver Island. 

It must also resemble 8<»ne of the more slender six-rayed varieties 
of L. epicMora, but the latter does not often occur in my Vancouver 
Island collections, and has much more numerous actioal spines. 

LEPTASTERIAS HEXACTIS (Stirapsoo). 

Plate zxv, figoru 7. 8 (^rpc). 

Atttriat htxactis SmtPSCOf, Proc. Boaton Soc NiL Hist, vm, p. 373, iSfis. 

Verrill, Tnuu. Coon. Acad. Sdencci, i, p. 3al^ MT- Bell, 18S1, pL 495. 

This is a small six-rayed starfish, much lilre L. aqtuiit, but with 
the dorsal spinulet Imger, slender, less numerous, and not ao closely 
clustered. The rays are usually longer and more tapered. 

Dr. Stimpsoa's description was as follows: 

" Rays six, depressed or rounded, and more or less t^>ering. Disc 
la^e. Proportion of the diameters, i : 4. Ambulacral spines, sub- 
equal, in two r^utar rows towards the disc, two to each plate; — 
form cylindrical, obtuse, sometimes a little davate, with a few pedi- 
cellarifc of both kinds on their outer side at the middle. On the tat- 
ero-inf erior side of the ray there are four longitadinal rows of q)ines, 
sqnrated from the dorsal spines by a more or less well marked 
channel. These spines are scarce thicker than the ambulacrals, but 
are longer, and have small clusters of minor pedicellarise at their 
outer bases. In some spedmens the lateral spines are distinct from 
the ventrals, being separated from them by a channel, and fuming 
a crowded row of confluent dusters Vkt the dcvsals. Dorsal spines 
small and numerotis, in little heaps, which, being conflumt in a longi- 
tudinal direction, form three or five (according to the distance from 
the disc) rows, separated from each other by corresponding rows of 
papuliferous depressions. These ^ines in some spedmens, however, 
are fewer, and do not form heaps. On die disc they are arranged 
after a reticulating pattern. The spines are capitate, and sparsdy 
surrounded by minor pedicellarijc. All rise to about tiie same height, 
thus giving an evenness to the outiine as seen in a side view. The 
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major pedicdiarue are few, and formed on the labial spines, or rarely 
a single one on the side of the ray ; — they are more or less pointed. 
about one-fortieth of an inch long, and twice as long as broad. 
Dorsal papulse in small groups. Ventral papulae mostly single, and 
cunring upward or outward. Diameter, one and three-fourths 
inch. A variety occurs with more slender and Uq>ering rays. 

" It is smaller than A Camtschatka Brandt, and has longer arms, 
etc 

" Habitat, Paget Sound. North West Boundary Commission. Dr. 
C B. Keonerly." 

A good dry q>ecimen in tfie Yale Museum, from Monterey 
(Stevens), seems to agree pretty closely with the type. The radii 
are 5 mm. and 23 mm. ; ratio, about i : 4.5. Rays six, slender, 
terete, tapered to acute tips. The dorsal spines, which mostly stand 
singly, sometimes two or three togetfier, do not form definite rows. 
They are numerous, but not crowded, slender, slightly davate, or 
subacute ; they are surrounded by small wreaths of minor pedicel- 
larise, of relatively large size, which, in aktriiolic specimens, fill up 
the qnces between the spines and give the surface the same even 
appearance as if the spines were more crowded. The upper mar- 
ginal spines, which are nearly like the dorsals in size, thoi^ rather 
longer, form a pretty regular row; two often stand on one plate. 
The lower maiginals are at least twice as large and long, and form 
a very distinct row, but two often stand on a plate ; they are terete, 
tapered, subacute. The few synactinal spines, when present, are 
similar. Adambulacrals are nearly as long as the marginals, but are 
more slender and scarcely taper ; they mostly stand two to a plate, 
diveigently, and form two regular rows; tbey become distinctly 
longer near the mouth. The tip of each jaw bears two terminal 
longer and stouter spines, larger than the marginals, and a much 
nnaller one external to theses cm each side. 

Major pedicellariae of rather small size are borne, mostly sii^ly, 
oo many of the adambulacral spines, and much smaller ones on the 
inner margins of the grooves. They are compressed, long-ovate or 
lanceolate, subacute. They are larger, Icmger, and less triangular 
than those of L. aquahs. 

A young specimen, 35 mm. in diameter, from Kadiak, Alaska 
(Harriman Expedition), ^>pear> to belong to this species. The six 
rays are very slender, and rather closely covered with very small 
obtuse and capitate spines, more or less areolated oa the central parts. 
Adambulacral spines very sloider, mostly in two rows. Its aspect is 
like that of a PtdkeUaster. 
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Dr. R. Rathbun hu farniihed, for rq>n>ductioa here (pi. xxv, 
figs. 7, 8), i4icitcigr^>bs of the type, now in the U. S. National 
Musetnn. 

Sao Frandwo, California, to Sitka. A coaunon littoral and shal- 
low-water species. At Mcmterey it occura aasodated with L. aquatis. 

I have also studied nnmerous specimens from Puget Sound and 
Queen Chariotte Islands, sent by the Geological Survey of Canada. 

This species has often been confounded with L. aqmdis in col- 
lectioas. Though closely rdated, it can be distingoisbed by its dif- 
ferent spinulation and distinct form of pedtcellarite. 

LEFTASTERIAS ^QUALIS (Stimpson). 
Pbte xn, fi(nre 8; j/UU xna, dgattt i, a; pUle xxt, fiture* 5. 6 (tjpe) ; 

plate vn, fignn s int.). 
Aitnitts tffMoiit SnMFSoir, Proc Botton Soc Nat Hist, nn, p. 373, 18&1. 
Verrill, op. dt, p. 317, 1867. 

As usually found, this b a snull, six-iayed species. Disk small ; 
rays rather short Dorsal ^ines small, clavate or capitate, sulcate, 
and rough or spinulose at tip, very ntmierous, covering the whole 
upper surface nearly evenly, but sofnetimes forming indistinct median 
radial rows. A group or row of q>ines stands on each of the ossicles, 
which are small and numerous ; they are rather closely imbricated, 
but leave papular areas, often as wide as the ossicles. Median 
ossicles larger, with rounded lobes, the proxiraal lobe longer and 
broader, imbricated. Marginal and actinal ^ines more elongated, 
forming several longitudinal rows, slender, subacute. Papular areas, 
on the upper side, form longitudinal rows ; the papulae stand singly or 
sometimes two or three together. 

A good characteristic specimen of the California form (var. 
trqualis) from Mcmter^, the type locality, has the radii 6.5 mm. and 
ao mm. ; ratio, about i : 3.5. The rays are round and plump, taper- 
ing gradually. 

The dorsal spines are very numerous, small, nearly equal and 
even, mostly capitate or clavate, with sulcate tips; they stand in 
groups of three to eij^t or more. Some of the groups are circular 
witii a central spine, but others surround the papular pores, which 
have an evident longitudinal arrangement The upper marginal 
plates form a crowded row, two to four spines standing together on 
most of the plates, while one or two usually stand c« the descend- 
ing lobe or connect!!^ ossicle, proximally ; these spines are slightly 
Icmger Aan the dorsals, and mostly bent upward, but are otherwise 
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similar. The lower nui^i;ioal qnnes form a double row, two 
divergent spiaes usually on each plate; these spines are distinctly 
lat^r and longer tban the dorsals, mostly compressed and somewhat 
clavate at the tip, and usually bent outward and upward. A sin^ 
row of synactinal spines of similar size and shape usually occurs oa 
the proximal part of the rays. Adatnbulacral spines are nearly as 
long as the actinals and about half as thick, terete, obtuse. On the 
basal half of the rays they stand two on a plate, forming two 
divergent rows ; distally they are irregularly alternated, one and two ; 
those near the month are longer. The tip of tlie jaw bears four 
divergent spines, the two central stouter but not longer than Hit 
adambulacrals. Ok other two much smaller and about half as long. 

Major pedicellaric of very small size occur singly on many of the 
adambulacral spines ; these are short-ovate or triangular-ovate with 
acute tips. They are smaller, shorter, and more triangular than 
those of L. htxacHs. Smaller ones alio occur on the inner edges of 
the grooves. Major pedicdlariae of very small size occur singly or 
in small clusters on most of the dorsal and lateral spines, and in 
somewhat larger groups on the ventral ones. They also occur singly, 
between die spines, on the back. 

Dr. R. Rathbun has famished the photographs of the (»igiaal 
type of this speaes, which is still in the U. S. National Museum. 
(PI. XXV, figrs. S- 6.) 

It agrees very wdl with several specimens in the Museum of Yale 
University, from the same locality. Stimpson's description is as 
follows : 

" Bays six, rather slender and much tapering. Proportion of the 
diameters, i : 3.5. This species has a general resemblance to 
A. hexactis in shape, etc., but differs in the character of its ^ines, 
particularly the very numerous dorsals, whidi are uniform in size, 
and shorter and more crowded, giving to the bade in a much greater 
degree that general evenness of surface which is diaracteristic of the 
Stichasters and Cribrella [Henricut], These spines are deeply stri- 
ated or radiated on tiieir flattened heads, each showing eight or nine 
ri<^^. On the side of the ray there are two or three rows of longer 
spines, also striated. The ambulacral spines are for the most part ar- 
ranged alternately one and two to each plate, but there are two to 
each plate near the disc. There are minor pedicellarise about all the 
^ines, as in the preceding species [A. hexactis], but they are much 
less numerous. We can discover no major pedicellariae exceptii^ an 
ooasional small pointed one in the ambulacral furrows. They would 
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perhaps be found on tfie sides of the ray in spectinens more perfect 
than those we possess. The papulse stand stn^y or in groups of 
three or four, arranged in indistinct longitudinal rows. Diameter, 
one inch and a half. 

" Habitat, Mooter^, California. A. S. Taylor." 

Common oa the coast of California. Ranges from San Diego 
north to Puget Sound and Vancouver Island. Monterey (Stimpson; 
Stevens; R. E. C. Steams). 

This species is not a typical Lfptasttrias. It differs from most 
species of that genus in the apparent longitudinal or " stichasterial " 
arrangement of dorso-lateral plates, and in having the minute spines 
closely clustered 00 the plates, much as in Stepkamuttriat and in 
Hemida, so diat its appearance is super6cially like, one of the Stichas- 
terinae. However, its dorso-lateral plates are not so wide, nor so 
closely imbricated, as in tiiat group, nor even so much so as in Sten- 
asttrias. Its genital pores and r^roduction are not known. 

This species varies considerably in its form and spinulatioo. I 
have examined numerous specimens from Monterey, the type 
k>£ality, collected by several different persons. It seems to be very 
abundant on tiut part of the coast, between tides. 

Owing to its variability it may be divided into several varieties 
or local races, thou^ these doubtless intergrade at intermediate 
stations. 

The rather dwarf littoral form from California is certainly the 
original or type-form, and should therefore be designated as variety 
^tiaUs, if varieties be recognized. 

LEPTASTERIAS ^QUALIS Var. COMPACTA Verrill, nov. 
Plate Ln, figure 5. 

The type of this form is much larger and more fully developed 
than the ordinary littoral varieties. The radii are 15 mm. and 
45 mm. ; ratio, about i : 3. 

The six arms are evenly rounded above and densely covered with 
small capitate spines standing in large clusters on each ossicle. They 
form a distinct, wide, median band, and two other similar bands on 
each side are defined by die rows of papular pores. The dorsal 
ossicles are in five rows, strong, elevated in the middle, closely united 
in rows and somewhat imbricated, especially in die median row. A 
close circle of small capitate spines, like the dorsals, surrounds the 
madrepork [Jate, whidi has numerous fine irregular gyri. The 
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Upper marginal spines are nttmerous, similar to the dorsals, but 
rather toiler ; they stand in oblique dusters on each ossicle. Besides 
the main row, there are two to four similar spines on the descending 
iqx>physis, and on a small connective ossicle, sometimes present, 
forming an interpolated series between the upper and lower mar- 
ginals <m the basal half of the rays. 

The longer ventral spines form three main rows, besides a few 
irregular smaller ones. 

The inferomai^al plates are closely united and each usually 
bears two cylindrical or sl^tly davate, blunt spines, decidedly 
longer and larger than the dorsals; or sometimes three near the base 
of the rays, besides one or two smaller ones. The actinal spines 
form a single row, one to a plate, and do not extend to the tips of ^ 
rays ; they are sometimes lacking. 

The adambnlacral sinnes stand two on a plate, but not in rq;ular 
fines ; they are shorter and more slender than the actinals, but similar 
in form. 

The superomarginal ossicles are stout, thick, and imbricated, 
strongly fbur-lobed. The upper lobe is large and runs sli^tly 
obliquely outward ; the Urge lower lobe or apophysis is elevated in 
die middle, where it bears several intermediate spines, or it may be 
overlapped partially t^ a small interpolated ossicle. There is a row 
of small papular areas between tfie apt^hyses. The infer(»narginals 
are also stout, but smaller, with four short lobes. The actinal plates, 
near the base of the rays, are smaller, irr^ularly elliptical, and 
closely united to the adambulacrals. The apex of the jaws bears a 
pair of stout peroral spines and a pair of divergent lateral cmes, about 
half as long. On the outer surface of the jaw there are usually one 
or two pairs of epiorals that are longer and more tapered than the 
following ones. The ambulacral grooves are unusually wide; the 
plates not very crowded; the pores huge, not crowded. Dorsal 
papnls few, in small groups or isdated. 

Minor pedicellarisE are very small and occur on nearly all the 
spines in small groups or singly. Major pediceHaria, of very small 
size, acute-triangular in form, occur along the inner e<^;es of the 
ambulacral grooves. 

Pacific Giove, Mcmterey, California (Prof. W. R. Coe) ; British 
GJimibia. 

This may be rq^arded as the most perfectly devdoped variety of 
L. aquaHs. Its diaracten are probably in part due to its large 
size, but I have seen others of the same variety not over an indi 
in diameter. 
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LEPTASTERIAS JEQUALIS Vir. NAiNA VerriU, nor. 

This name is pn^)Osed for a common, nUber dwarfed variety, 
baving^ short obtuse rays, ratber densely covered with small, short, 
neariy even, obtnsc or davate q>inules. 

The inferomaiginal and actinal spines are crowded togedier and 
form about four close rows. 

Common on the California coasts ; Gulf of Georgia. 

LEPTASTERIAS JEQUALIS Var. CONONNA Verrill, nov. 

This name is proposed for a larger form of this species, in which 
the dorsal spinules form large groups on the ossicles, and these lie 
m pretty r^ular longitudinal rows, three or five, separated by very 
distinct rows of papular areas. The larger marg^inal q»nes also form 
very regular rows. 

The type is from Monterey Bay, California. 

LEPTASTERIAS EPICHLORA (Brandt). 

Plate xn, figures i-6 (varieties) ; plate xxvni, figures i, a (Tariety) ; pbta 
Lxxxv, iignrea i-i4 (detaib), figure* a-M (young). 

Asttriat *picUora Bkandt, Prod. Deicr. Anim. Hertens, p^ 370, 1835. (Hre- 
rayed fonn. Dettription poor.) ? Stinvwn, Jonm. BoaUm Soc. Nat 
Hilt, n, p, 53B (excel lynonjuii). Perrier, RMs. StelL, p. 33t (no 
deicription). 

T Atteruu camtKhatica Bkahdt, Prodromos, p. 9JO, 1835; MiddendorS Reise, 
u, p. 33, 1851. (Sx-rajed fdnn.) 

Asleritts taamehtmit db htmxoL, itim. Soc Phyi. et Hist Mat. Geaive, 
Xxxii, p. 33, pi. n, figs. 3-3rf, 4, 5, 1897. (Fire-rayed variety.) 

A rather small starfish, commonly 60 mm. to 80 mm. in diameter, 
sometimes 150 mm. ; usually greenish or olive on the dorsal sarface 
in life; generally six-rayed, but not infrequently five-rayed. The 
rays are rather short and plump, covered above with numer<m$ 
small, short, crowded spines, which are usually unequal in size and 
mostly capitate, but sometimes most of them are more slender and 
davate. The dorsal spines generally form an irrq^larly reticulate 
or areolate pattern, but are sometimes acervate, forming nodular 
groups in one variety. Sometunes they are more unequal in size, 
the larger ones standing in one or more radial rows, and not 
acervate. The median rows may be distinct or indistinct More 
rarely the spines are all nearly equal and of the smaller sort; some- 
times they are snbequal, crowded, and all of the larger sort 



>y Google 



EHALLOW>WATER STARTISBES I33 

Superaaiarginalft simiUr to tiie dorsals. Inferanarginal spines a 
little longer, usnally in two or three rows. Peracttnals in (me or 
two rows. Adunbtdicral q)hies dipUcanthid. 

Minor pedicdbine usually numerous. Frequently, but not in all 
varieties, nor in the yoiHig, there are a few very large, stout, stone- 
hannoer-shqied or wedge-riiaped serrate dermal pedicdlarise on the 
sides of die rays or on the interradial spaces beneath. 

Its known distribution is from Vancouver Island to Yalnttat and 
Dntch Harbor, and St. Paul's Island, Aladca. It is abundant 
between tides on rocky shores and in shallow water. 

Owing to its great variabilis, e^Mcially in the dorsal spines, it 
seems to me desirable to distinguish several named varieties, whidi 
are described below. The varieties often i^jpear as different as dis- 
tinct species. 

The oral spines in this species are more f eeUy developed than in 
most of tin allied fonns, but vary considerably. The peroral spines 
usually consist of only two rather short ^cal ones on each jaw, 
usually distinctly stouter tiuui the adorals, usually straight, but 
sometimes curved a little toward each other, so that Umi tips are 
coDvergcsit The small side-spines are generally laddng and refdaccd 
by a pedicellaria, but in some of the larger spectmais it is present 
on some of the jaws and not on odiers; when present it is small and 
short, acute, not more than one-third or one-fourth the length of die 
afncal pair, but it is vartaMe. 

The epknal spines are rather knger and more slender dian die 
perorals, and like the adonis in form, though a tri6e longer. It often 
bappaa that one of a pair is laddng on some of the jaws and then 
die single ^ine stands nearly in the middle of the jaw. The adoral 
carina consists of three contingent pairs of adoral plates, besides 
die epmnl ; their sii^;le spines are deddedly more slender dian those 
more distal, and are a little looger. Doable rows of spines usually 
commence on the fifth to die eighth plate. 

The nonnal young of this q>ecies, when lo mm. to 15 mm. in 
diameter, have a rather openly reticulated dorsal skeleton, composed 
mosdy of deeply k)bed ossides, with three or four tmequal lobes. 
When 30 mm. to 35 mm. in diameter, they usually have the char- 
acteristic spinulation of the adults, though the spines are smaller and 
much less numerous, and the median radial row is very distinct and 
pretty regular. The penile are few and mosdy stand sin^y. The 
madreporic plate is small, with but few gyri. The superomarginal 
and inferonurginal plates are well defined and each bears a sin^e 
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Spine at first There are no actiiul spines in the smaller of these 
(i8 nun. to 30 nun. in diameter), but one row appears in those 
about 23 mm. to 2$ mm. in diameter, and in these the upper mar- 
ginal plates usually begin to have two or three s^Mnes. 

This spedes has be«i very much confused and misunderstood by 
writers, owing to the brief and poor description given by Brandt. 
He described many of his Nortii Pacific invertd>rates merely from 
colored drawings made by or for Mertens, and probably he had no 
specimens in most of such cases. The starfishes were apparently 
among tiiose thus described from drawings only, for several were 
named front their cdors and in some cases very little else was given. 
In some cases Brandt stated that the specimens were lost. His 
A, oehracea and A. epichlora were from Sitka, and we may naturally 
condude that they would be spedes commonly found there. 

About A. oehracea there can be no doubt, for it is very common 
on Ae rocks at Sitka and its ct^r is usually characteristic, as wdl 
as the coarse spinulation. But Dr. Coe informs me that the most 
abundant spedes between tides at Sitka, and tfie adjacent coasts, is 
the one now under discussion, and he also states that it is usually 
dull green or dive-green on the dorsal surface when livii^, which 
would at once explain the name epichlora. Dr. Coe states that it 
has the same habits and nearly the same dull^reen color as 
L. littoralis (St), whidi he bad seen in abundance at Eastport 
Maine, and that this Alaskan species occurs by thousands in the 
same way at Sitka, on the rocks at low tides. It also carries its ^gs 
and young in dusters over the mouth, like L. UttoraHs. These facts 
would, of themsdves, make it almost certain that Brandt's q>ectes 
was this ccMnmon green spedes, espedally as no other distinctly 
green spedes is known at that locality. 

Moreover, Brandt's description fits this spedes in other respects 
better tiian it does any oAer. The prindpal point of difference is 
that he stated that it was five-rayed, while much the lat^r propor- 
tkm of our Sitka qwcimens are six^rayed. But we also have many 
five-rayed specimens of exactly the same character frcHn Sitka. As 
Acre is no evidence that Brandt's description or Mertens's figure 
were based on more than a single specimen, this difference is of very 
little importance. Among the ytnmg carried by six-rayed mothers, 
are found more or less five-rayed ones. 

Brandfs description was essentially as foUows: 

" The disk is of moderate size (about (me indt in diametn-), sub- 
depressed. The five arms are conical, subdepressed, unequal in 
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length. The dorsal surface is green, covered with whitish spines, of 
wliich the summit is capitate, arranged crowdedly in a reticulate 
manner. Ventral surface pale rose. Diameter of disk, one inch; 
length of ray, three inches [probabljr measured from center of 
disk]." 

Many of our speomcns agree very well with this in si« and pro- 
portion. But the young of troschelii, when of this size, would have 
a very small disk and far more slender and longer rays, which no 
one could call " conical " or " subdepressed." * 

Several writers have cmfounded Brandt's species with trosckeW, 
eqiecially more recently. M. de Loriol (1897) has given a full 
description and excellent ^;ures of troschelH, under the name of 
epicMora. The only points of agreement are the reticulate arrai^e- 
ment of the dorsal spines and their capitate form. In troschelii the 
TVjK are not only much longer and well rounded in lif^ but its color 
above is decidedly red or brown. Moreover, although it occurs at 
Sitka, it is far less cotookkl 

The q>ecies desci^>ed and figured by De Loriol (op. cit., p. 331, 
1897) tmder the name of saanichensis, from Vancouver Island, 
appears to be the five-rayed variety of Brandt's q>ecies, agreeing 
very closely with bis desciqition. It also agrees very closely witi) 
some of our Sitka specimens. 

Brandt's original Latin description of A. comtschatica (Prod., 
p. 270) was essentially as f (diows : IMameter of disk about one inch. 
Rays six, conical acuminate^ scarcely subequal in length, one to (me 
and a quarter inches long, much broader toward the base. The 
vrfiole back dusky or ocbraceons and a)vered with crowded, pedi- 
cdlate, tiuncate<apitate, white or fuscus-white spines, arranged in 
raised reticulations, forming aubregular radial series. He stated 
ttiat the q}ecimea obtained by Mertens had been lost, but had been 
well drawn by Postelesius, and that there were other specimens in 
the museum of the Academy. His first description, however, seems 
to have been based entirely qa the drawing. Later (Middendorff's 
Reise, 1851, 11, p. 33) he gave a rather shorter description in Ger- 
man, which does not exactly agree with the former, but supplements 
it According to the later description it has two rows of ventral 
spines and three of adambulacrals (probaUy due to alternate plates 
bearing either one or two spines), and six or seven rows of crowded 
dorsal spines. Greatest diameter of the largest, three indies; 
breadtii of the disk, one inch ; length of arms, one inch and two to 
four lines. 

*See <leM:ription below, page 15s. 
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Both of his descriptions apply veiy well indeed to many of the 
ordinary »x-rayed specimens of L. epiehlora ataskentit, so aboo- 
dant on the coast of Aladn. This agreement is seen not only 
in the odors, but also in the sice and proportions of rays to the diA, 
the shape and the crowded reticulate arrangement of the spines, etc, 
while dtey often form more or less evident rows, as in var. pUna. 
This arrangement is characteristic of many specimens of epiehlora, 
but not often of aeervata or boreaHs. Moreover, the loiter arms and 
smaller disk of the latter are at variance with tiie proportions given 
by Bnuidt 

Hence, it seems very probable that his species is either the six- 
rayed fonn of epiehlora or else some very similar Siberian species, 
and therefore quite distinct from aeervata or boreaiit. It might, 
possibly, be the same as our A. mniHclaoa. The description is insuffi- 
cient lot real identiikation. 

LEPTASTERIAS EPICHLORA ALASKENSIS VerriU, nov. 

Plate xn, fignret 5. 6; plate xxvin, figurei i, a; plate lxxxt, fipires \-ii 

(detail!) , a-M (young). 

This is the most common and most normal form of the species. 
It differs from the type of Brandt mainly in being six-rayed. Disk 
of moderate size, hi^, sw<dlen, or [4ump-looking. Rays six, some- 
times five, rather short and stout, rounded. The type spedmen 
has tiie radii 14 nun. and 46 mm. ; ratio, about i ; 1.33. 

Actinal spines in two or three rows, terete or subdavate, larger 
than dorsals. Dorsal and lateral spines short and very numerous ; 
the dorsal spines unequal, smaller and shorter than the laterals, 
crowdedly arranged in an areolated or reticulated pattern, usually 
not forming definite median rows except when young; their tips 
davate or capitate, ^inulose and striated. Large, stout, erect, 
wedge-shaped dennal major pedicellarise are qwrsely scattered over 
the back and sides, especially in the lateral grooves ; they are often 
as broad as the adjacent s[anes and have wide, obtuse, or truncated, 
serrate jaws. (See pL Lxxxv, figs, i-iif.) 

The madreporic plate is usu^y quite small and inconq)icuous, 
with comparatively few coarse gyri ; but in some of die lai^;er sped- 
mens, especially five-rayed ones, it is much larger, with numerous 
fine gyri. It is nearly always closdy surrounded by a drcular group 
of small capitate ^ines. 

There is a conqtlete series of peractinal ossides, each bearii^ one 
large q>tne. Large specimens may have a rudimentary row of smaQ, 
usually spinulose, subac t i n als near the base of the rays. 
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Sttfca. Fox Cape, Yakutst, Dutch Harbor, Aleutian Islands and 
Wrai^ (Harriman Expeditkn). Commoo at Sitka at low tide. 
Blany of tfac specimens have large clusters of very young ones 
beneath them over and around the mouth. (PI. lxxxv, figs, a-sr.) 
QneenCharlottelslands; Vancouver Island; Puget Sound; etc. 

Among the young attached nnder the mouth of the mother, were 
both six-rayed and five-rayed ones ; the former much more nomeroua. 

Among 630 young, taken from several six-rayed mothers, and 
carefully counted, there were 596 of the six-rayed sort ; 31 five-rayed ; 
3 four-rayed. I have seen no adults tfiat are four-rayed. 

A six-rayed specimen from St. Paul's Island (cdH. H. W. Elliott, 
U. S. Nat. Mus., No. 3267) is somewhat peculiar. It is 90 mm. in 
diameter, with the rays narrower, more depressed and more acute 
than usual, so that it resembles A. boreaHs in form. But the dorsal 
spines are much as in ataskenns, very munerous, crowded, arrai^ed 
in a reticulate or arecdate manner, and all estate. The mar- 
^nal rows are douUe, and also the interactinal row pnudmally. 
These spines are stout, davate. The adambulacral spines are stouter 
than usual, eq>ecial]y the outer ones, and decidedly davate. On the 
sides of the rays are a few lai^e, erect, blunt pedkellarite, nearly as 
steut as tiie adjacent spines. This, like several other odd specimens, 
nny be a hybrid b etw e en L. epichloro and A. boreoKs. 

LEPTASTERIAS EPICHLORA ALASKENSIS, Var. CARI- 

NELLA Verrill, nov. 

Flale xn, fignres i, ft 

Normally six-rayed. Rays short, rounded. Dorsal ossicles and 

qnnes small, capitate, arranged as in alaskettsis, except that there is 

a distinct median radial row, larger than the rest. Infero-marginal 

and oral spines as in typical specimens. Large erect major pedi- 

cellariae are present sometinies. 

Most of the examples of this variety are young, up to 30 mm. in 
diameter. Probably there is a general tendency for the median dorsal 
row of spines to become indistinct in larger specimens, though this is 
not always the case in this spedes. 

Sitica and Dutch Harbor, Ahuka (Prof. W. R. Coe, Harriman 
Eiqiedition). 

LEPTASTERIAS EPICHLORA ALASKENSIS, Var. 

SIDEREA Verrill, nov. 

Plate xn, figures 3, 4. 

Disk large ; rays usually six, rather short and stout Radii, 14 mm. 

and 45 nun.; ratios, about 1:3.2; breadth of rays at base I3 mm. 
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Donai spines very numerous and so crowded in the rows and 
groups that tbeir caiMtate tips are nearly in contact The larger ones 
are nearly even in size and hei{^ over the whcrfe dorsal and lateral 
surfaces ; they are sbctft, stout, strongly cafntat^ with roundish finely 
sf^ulose tips. Along the median lines they form radial ranges or 
three or four irr^ular, crowded rows ; between tbeae and the usually 
double marginal rows, they are irr^ularly reticulated, or stand in 
little groups and short oblique rows. Small ones of the same form 
are scattered between the larger (Hies. Ventral spines are longer, 
rather stout, clavate, arranged mostly in three rows, two of which 
are inf eromarginals and one peractinal. 

Adambulacral spines, slender, slightly clavate or obtuse, cither 
one or two to a [date irregularly. They bear groups of minor pedi- 
cellarise. 

Dermal major pedicellarix very few, mostly marginal and tnter- 
actinal, small, long-ovate; smaller acute-ovate ones are attached 
within the ambulacral grooves. None of the large, wedge-^ped, 
serrate ones were found on any part. 

The donal skeleton is firm, composed of buger and smaller imbri- 
cated ossicles. Papulae rather nmnerous and small for a Leptasttrias. 

In form and proportions this is very similar to alaskensis, but 
it is so different in the site and arrangement of its dorsal ^ines that 
in the absence of a series of specimens I should have supposed that 
the differences of spinulation might be specific. The major pedicel- 
lariae are somewhat different in the two. The types of this variety 
have none of the remarkably large, stoat, dentate ones, so char- 
acteristic of alaskeHsis. A large series of specimens, however, 
shows that this is mly a peculiarity of certain q>ecimens. 

Sitka, Dutch Harbor, and Yakutat, Alaska (Dr. W. R. Coe, Har- 
riman Expedition) ; Pi^et Sound. 

LEPTASTERIAS EPICHLORA MILIARIS VerriD, subsp. nov. 
This is a small variety with pretty numerous, small, crowded, 
slender spinules, so that it resembles L. aqualis. Rays usually six, 
sometimes five. Radii, s nun. and i6 mm. ; ratio, about i : 3.2. The 
median radial ossicles bear small, slightly larger, capitate spines 
surrounded by a group of smaller ones. Other dorsal ossicles usoaUy 
bear a single small, capitate spine with a cluster of minute ones 
around it. The superanaiginal plates bear one larger spine and a 
number of unequal smaller ones, several of which stand on the 
descending apophysis. The infermnarginals usually bear two small 
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dive rgent ^tnes. The peroral and adoral spines are all nnall and 
slender, as in tfae yoang of the nwre typical forma. 

Cape F<nc and Sitka (Harriman Expedition) ; Queen Charlotte 
Islands (Canadian Geological Surrey). 

This variety, which is remarkable for its small and uniformly 
crowded spinnles, is liable to be mistaken for L. aqutUis, which it 
cloady resembles dorsally. It can easily be distingaisfaed by its 
much feebler oral spines, iriiich in the latter are larger and stronger 
than asual in this group. 

Variety REGULARIS VerriU, nov. 

Rays usually six, kn^r and more slender tlian ustial, regularly 
rounded and gradually tapered. Radii, 6 mm. and 25 mm. Dorsal 
spines numerous, but not crowded, nearly all c^ttate, and less 
unequal in sixe than in most varieties. The dorsal radial row is 
distinct, each ossicle bearii^ two to four spines ; two or three stand 
together cat many oilier ossicles. Both marginal rows and one tnter- 
actinal row mostly sim[de, one spine to a [rfate. Adamtmlacral, 
adoral, and oral spines as in other varieties. The second short 
interactinal row of ossicles, bearing spines, is not present, as it is 
usually in other varieties when of die same tazx, and this is prob- 
aUy the cause of the slenderaess of the rays. 

Cape Fox, Alaska (Harriman Expedition). 

Variety SUBREGULARIS VerriU, nov. 

The typt is a small six-rayed qwdmen from Sitka, Alaska (Prof. 
W. R. Coe, Harriman Expediticm). It has the same form as 
alaskensit. Its marginal spines are different The superomaiginal 
row is r^ular and nearly simfrfe, only one spine usually standing on 
a plate ; tliese spines are unusually large for this group, stout, capi- 
tate, well spaced. The inferomaiginals are similar, but a little 
longer. There are two interactinal rows. 

The dorsal spines are short, thick, mammilliform or capitate; the 
larger ones form a distinct median row; others, similar, are scat- 
tered, and not numerous. The papular areas are large. The adarn* 
bnlacral spines are rather stout, subdavate, irregularly subdipla- 
canthid. 

Variety SUBNODULOSA VerriU, nov. 

At first sight this variety might easily be mistaken for the young 
of Pitasttr oehraetut, oa account of the conspicuous and prominent 
cinstera of caiHtate spines scattered over the dorsal surface, but they 
do not form reticulations. 
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The typt i* five-rayed and lu:ger than is tuoal in this species. It 
equals die Urge six-rayed spedmens of tiie other -varieties. The 
radii are lo mm. and 60 mm. ; rati<^ 1:6, for the longer rays. The 
rays are decidedly tmeqnal, however, in the type, owing to former 
injury. The arrangement of ttie dorsal ossides seems to be mudi as 
in the typical form, and aitukiiuis, but the spines are very tm- 
cqoaL The smaller are TCiy mmieraiis, rather minute and den- 
tate, while the larger, clustered ones are larmier than usual, with 
broadly capitate or button-like ends, wider than h^. The dusters 
are most numerous along the middle of the rays, but do not form a 
r^ular row; elsewhere they are very irr^i;idarly scattered. The 
s u peromarginal spines form a pretty regular row of slightly longer 
Umit q>ines on some of the lays, but are quite irr^;nlar on others. 

The stn^e row of inferomarginals and two rows of interactinals 
are loi^^er, not so stout, bent upward a little, and blunt at the tip. 
The second row of interactinals may readi nearly to the end of the 
rays. The adambulacral spnes are as in var. alatksHsit. PapulK 
stand between all these rows of tpmts, either in small groapa or 
singly. Minor pediceUarite are abundant on the adambulacral ^ines. 
Major pedicdlaria; are few and rather small, ovate-lanceolate, acute. 
None of the large, erect, serrate land were observed. 

The madreporic plate is larger than is usual in this spedes and has 
thinner and more numerous gjri, probably due to greater age. 

When superficially examined this lodes like a distinct spedes. 
Althongji the dorsal spinulatioa appears so di£Ferent, it is arranged 
nearly on the same plan as in more typical varieties. The *i»M*"*' 
enlargement of die latter spines in the dusters is only an exa^er- 
ation of a tendency present in most of tiie larger typical q>edniens, 
whidi often, also, have the more enlarged and finer madreporic 
plate. The marginal and actinal plates are nearly as in some more 
typical spedmens. It may possibly be a hybrid between epicklora 
and troKhthL 

Wrangel, Alaska, July 6, 1899 (Harriman Eiqieditian) , type. 

LEPTASTERIAS EPICHLORA PLENA VerriU, subsp. nov. 
Plate Lvm, fignre i ; text-figure 6. 
Rays six in the type, rather stout and rq;alarly tapered. Radii 
are 13 mm. and 43 mm. ; ratio, i : 3.30. 

The dorsal qiines are very numerous, areolate, short, subequal, 
c^ntate, with rough tops, arranged so as to show five radial bands 
on irr^nlar multiple rows, separated by large, p^mlar areas, in six 
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obvious radial rows, three oo each ude. The median row of s{»aes 
is distinct, but not ptomineot. The dorsal ossicles are (qienly reticu- 
late, several surrounding each papular area, and bearings spines which 
are so nomerous as to be neail^ in contact in drdes around the 
areas. They are not very diverse in size. Six to ei^ often stand 
in a duster cm the larger ossicles. 



Lf^toittnu ipitUm pin*, tTpc, a, Gnmp of donal ipiiia; It, V, ■ p«ir of wiicrd- 
naivliul apiiia an one pUte; f, pedtcellirliv; e, c*, iiiferosur^fai^ ipina; d, peraetuulj 
t, nler, ud /, inner adunbiilneim] iplne* with (#) minor pedkellaric X >«. 

The superoniai|rinal spices are similar and stand in groups of 
two to four on a plate, besides one on the descending apophysis. The 
two rows of marginal ossicles are separated by a row of lai^ 
papular areas, bearing small, acute major pedicellarise. 

The inferomarginal spines are longer, stouter, clavate, mostly 
scmiewhat flattened, obtuse. They mostiy stand obliquely, two to a 
plate, forming a crowded double row. The peractinal spines are 
stouter, shorter, more clavate and more flattened, one to a pUte, close 
to die adambulacrals. The latter are much more slender, two to a 
plate. The outer ones are a little shorter tfian the inner, stouter, and 
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mostly a little cUvate and flattened. The inner one is slender, 
t^>ered, and often bears a small cluster o< acute pedicelUruc. 
Ad(M^ spines are similar bat loi^fer. No large dermal major pedi- 
cellariae were found. 

Vancouver Island (Canadian Ge<Jogical Surrey). 

The typt of this is a very distinct form. The equal, crowded, 
estate dorsal spines, arranged in areolations and evident longi- 
tudinal bands, are notable ; the superomaiginals, three or four to a 
plate, are also peculiar. The open reticulation of the osucles is per- 
h^w more important. 

LEPTASTERIAS EPICHLORA PUGETANA VerriU, subsp. nov. 

The type specimen from Puget Sound is very peculiar in appear- 
ance. The dorsal spines are nearly equal, numerous, crowded, and 
capitate. They are somewhat areolate, forming circles around the 
very evident papular areas. The median radial bands are evident, 
but not prcHninent. Both the marginal rows are double, with rather 
stout obtuse spines. The peractinal row has similar short spines, 
close to the adambulacrals. The skeletal ossicles are stout and 
rather dosely articulated. Large, erect, serrate major pedicdlahse 
are numerous on the sides of the rays. Radii, lo mm. and 35 mm.; 
ratio, 1 : 3.5. 

Puget Sound (Professor Ritter, Museum of the University of 
California). 

LEPTASTERIAS ( ?) DISPAR VerriU, sp. nov. 
Plate xn, tigaie 7. 

Disk moderately laige, rays six, angular, depressed, rather short, 
tapered rapidly. Radii, 8 mm. and 32 mm. ; ratio, i : 4. Donal 
spines very unequal in size and form. The laiger ones are stout 
and strongly c^itate, witJi large, round, finely spinulose heads ; they 
form conspicuous but irregular median radial rows, two or three 
often standing on one plate, and also small groups on the disk. 
Smaller spines of various sizes, partly capitate like the larger ones, 
and partly slender and tapered or slightly clavate, are scattered over 
the surface, but mostly in imperfect submedian rows; laiger speci- 
mens mig^t have them in r^ular rows. 

Marginal spines are similar to the larger dorsals, but not so stout. 
They form pretty r^ular rows, one to a plate proximally, but mostly 
two to a plate distally. Ventral spines are decidedly longer and 
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more slender, bqtered, sabacute; they stand in three rows, or some- 
tunes four, at die bases of the n]'s. Of these tibe infertHnarginals 
stand mostly two to a plate en- three to a plate proximally. Per- 
actinal spines form a sim[^ row, not reaching the tip of the ray. 
Adambulacral si»nes small, about half as long as the infer<Mnai^:inals, 
Y«y slender, terete, or sli^tly davate, mostly two to a plate ; some- 
times alternately one and two. 

Marginal and dorsal dermal major pedicellariae unusually small, 
few, compressed, ovate and acute-lanceolate. Many small ones 
occur aloi^ die inner edges of the adambulacral grooves. Minor 
pedicellariae are rather few on the dorsal spines, but more ntmieroos 
on the maiginal and peractinal spines ; a few are scattered between 
the spines on the dorsal surface. 

The ambulacral grooves are rather shallow and wide, appearii^ 
mudi more open than is usual in other species of this size. The 
pores are rather lai^e and not mudi crowded. 

The mouth is not sunken. The peroral spines are well developed, 
but rather short and divergent. The apical pairs are rather longer 
and stouter than the adambulacral, tapered, subacute; those of the 
exterior pair are of the same form, frcun one-half to two-thirds as 
long, and very divergent The epioral and adoral pairs are dis- 
tincdy Imger than those further out. Three contingent pairs of 
plates, besides the epiorals, form die adoral carina. The oral spines 
often bear small oblong-lancedate major pedicellariae. 

The dorsal ossicles are unusually large and thick for so smalt a 
spedes. They are wide and deeply lobed and are dosely and firmly 
united together, leaving only very small spaces for the papube, whidi 
are few and often stand singly. The larger plates form three longi- 
tudinal rows besides the superomaiginals, which are four-lobed, con- 
spicuous, and elevated in the middle, like the median radials. The 
latter are strongly imbricated, and have large lateral lobes. 

The type is from Dutch Harbor, Unalaska (Harriman Expedi- 
tion), 

This most resembles L. megtudis, except in having six rays. The 
comparativdy large and thick dorsal ossides, angular rays, open 
grooves, and general appearance of the type indicate that it may be 
the young of a q>edes diat grows to a much larger size, but I know 
of no qiedes to which it could be referred, unless it be another of the 
numerous varieties of aeervata or epichlora. But it differs widely 
from all those forms of the latter, that I have seen, in the lai^e, 
lobate, dorsal ossides, arranged pretty dearly in three longitudinal 
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rows, and withoat the retictilatiocis, generally characteristic of 
epiehlora. The tnferonuu^inal and actioal spines are mudi loiter 
than in the latter. The ambubural grooves and pores, the oral 
spines, and the adambolacral spines are also different, so that the 
nnder sur&ce, as well as the dorsal, differs decidedly in appearance 
from any of the recognized fonns of epichlora, all of whidi are 
much alilce beneath, faowerer much the dorsal spines nuy vary. The 
pedicellarise also appear to be peculiar. 

It more nearly resemUes some of the undoubted young of 
A. aeerveta, but the lateral and ventral ^unes are all longer and more 
slender. It may not be a Leptastmas. Genital pores not observed. 

LEPTASTERIAS OBTECTA Verrill, sp. nov. 

Rays five, rather short and r^idly tapered to slender tips. Radii, 
6 mm. and 25 mm. ; ratio, i : 4.25, 

Whole surface closely covered with minute, nearly equal, short, 
roug^-tipped spinuks, surrounded with large, dense wreaths of 
unusually large, blunt-ovate miwM' pedicellarise, so abundant as to 
cover the spvsa between the spines and largely conceal the spines, 
(accept the tips, thus giving the surface a smoothish ^pearance like 
Htnricia. 

The dcM^al ossicles are very numerous, small, irregularly reticu- 
lated, leavit^ many small, irregular pi^mlar areas ; the lateral sopra- 
maiginal areas are not taosversely elongated, as in C. eribrana. The 
dorsal ^nules stand in small irr^;ular clusters of three to six or 
more ; the ossicles are without much tendency to form transverse 
rows. Carinals not easily distinguished. 

Marginal plates small and quite concealed by the abundant pedicel- 
larise ; those in each row usually bear two small spines, sometinKs 
three, a little longer than the dorsals. Proximally there is a short 
row of intermarginals and of interactinals, each bearing one small 
spine, partly covered with pedicellarix. Adambulacrals dii^- 
canthid, the spines small, slender, slightly cUvate; adorals longer. 
The minor pedicellarise have bases about as broad as the spines ; the 
blades are spatulate and rounded at the tips. The dorsal spinules 
are mostly four to six times as long as broad ; tips are microscc^ic- 
ally thorny. Genital pores and reproduction unknown. 

Off Kit^ Island, Bering Sea, in seventeen fathcHus. (Coll. Mus. 
Oxnp. Zool., No. 1208; one dry.) 
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Genus Stenatterias Verrill, nov. 
Type, $. maeropon Verrill. 

Rays slender, six in the type. Dcffsal plates are wide, lobed, imlm- 
cated, stichasterial in arrangenient. Median radial row and dorso 
lateral rows are neaily r^ular. 

B(Ah nnifiinal tows are formed of wide imbricated plates. One 
row of small peractinal {dates, and a short suboctinal row. All these 
{^tes are closely covered with clusters of minute spinules. Papular 
areas small ; papulae few, often isdated. Adambulacnl and amba- 
lacral plates not strongly compressed. Andiulacral pores unusually 
large, in four rows ; podia large. Adambulacral plates are dtpla- 
cantbid. Reproduction unknown. 

STENASTERIAS MACROPORA Verrill. 
Plate L, ficure 7; fdtte umv, fignre 4 (tTPc); fiait Lxxxir, fignret S'^ 

(dctaib). 
Ltpivttriu maeropon Vntnu, Amer. Joara. ScL, xxnn, p. 6s, fig. 10, igoQL 

Disk snail. Rays six, \aa^, slender, constricted at base, amvex. 
with a median dorsal row of more prominent ossicles. Radii are 
3 mm. and 15 mm. ; ratio, i : 5. Ambulacral feet and pores unus- 
ually lai^; the pores are triangular, overlaf^ii^ by their acute 
angles, and separated only by thin plates. Adambulacral plates are' 
strcng, unusually thick radially, Adambulacral spines mostly two to 
a plate, long, slender, t^>ered, acute or subacute. The grooves are 
unusually wide and open. A single row of somewhat quadrate, over- 
lapping interactinal plates, which bear one or two small, rather stout, 
tapered spines ; a series of sniall, obloi^ connective ossicles between 
tiiese and the adambulacral plates, on the basal part of the ray, each 
of which may also bear a spine. A row of larger, rhcmbic, imbri- 
cated mai^inal plates, in contact with or overlapping the sides of &e 
peractinals, runs along the under ^de of the rays, but curves tq)ward 
to ttie dor^ side at Uie disk. These lateral plates usually bear two 
or three small tapered spines, like the actinals ; between them and the 
acttnal plates, and between the latter and the adambulacrals, there 
are only very small spa<x3, usually occupied by a single papula. 

The dorsal plates are also rather closely imbricated, the spaces 
between bong very few and small, with only one or two p^mlse ; the 
median radial plates are thicker and larger, subtriangular, with acute 
cusps, and oHicave edges. These overlap, or are imbricated upon, 
Hie plates proximal to them, so as to form a median radial ridge 
or carina. Other dorsal plates are smaller and more irregular. The 
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dorsftl spines are nnmerous, small, abort, stumpy, usually tnuicate m 
sligfitly davate, but not much enlarged at tip and not much kniger 
than thick. Tbey are in small groups on the laiger plates, istdated 
on tbe smaller ones. Major pedicdlaris of rather lai^ size, but 
few in mmtber, are present on the inferior inteibrachial areas; these 
are compressed, acute, lanceolate. Others of similar form, but 
smaller, are found witfain the tdgfB of the ambiilacral grooves and 
on the adjacent spines. Minor pedicellarisE are few and minute. 

The specimens of this species are small and poorly preserved, 
having lost many of thdr spines. It appears to be allied to 
L. aqualis more nearly than to other species, but it is much more 
slender than that and has much larger an^Milacral pores, while the 
dorsal plates are closely imbricated. 

Sitka (Harriman Expedition) ; Queen Charlotte Islands (G. M. 
Dawson). 

Genus Stephanaateriaa Verrill. 

Tjpc, S. albuh Verrill (Stunpson sp.). 

Stiehatltr {fan) Vbull, op. cH., i9b&, p. 551 ; Perrier, of. dt, 1875, p. 347 ; 

Sladen, op. dt, i88a p. 432. 
Sttfkimasttriaa Vkkuu, BuU. Euex Inst., I, p. 5, V^n; op. dt, i9j^ p. 353; 

Revisioo Genera, op. dt, i$x>, p. zxa. 
Kanarttr Fiokiek, op. cit, iSm, pp. 139^ 131, 133. 

Dorsal ossicles small, not closely joined, tbe radial series not in 
very regular rows ; median row more or less imbricated ; often not 
much differentiated, three-lobed ; transverse ossicles strong, notably 
regularly arranged in obhque rows; all covered with numerous 
crowded, small, subequal spinules, in divergent dusters, arranged in 
transverse rows on the rays. Papular areas serial, small, with few 
or solitary papulae. 

Superomarginal plates similar to dorsals; not very distinct, and 
with similar numerous spinules. Inferomai^nal plates oblique and 
pmninent, in a dose row, multispinose, their spines longer than those 
of d<»^$. No interactinal plates. Adambulacral ^ines usually dip- 
lacanthtd or irregularly triplacanthid. Sucker-feet quadriserial. 
Pedicellarise of two kinds, as in Asterias; many dermal minor pedi- 
cdlaris. 

Besides the type, which is autotomous, this genus appears to 
include .S". gracilis of the West Indies, which is six-rayed. 

These two spedes have usually been referred to Stichasterinae by 
recent writers, but to me they seem dosely allied to Leptasterias. 
( See also pp. 40-41 , above. ) Seen from the inner surface, the. dorsal 
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ossicles are reticulated rather than in kHigitudinal rows, and the 
tnuuverse ossicles are larger than tiw radial; the median row is only 
a little latter than the others. Tht papular areas are wider than tiie 
[dates. Reproduction unknown. 

STEPHANASTERIAS ALBULA (Stimpson) VerriU. 
Atttnetmtkio* altmltu Shupsox, Invert. Grand Mtmn, p. 14. pL i, fi^ S 

SHehatttr aOntliu Vmnx, Proc Boitoa Soc. Nu. HiiL, vtd. x, p. 351, 1S66; 
op. dt, 1895, p. 306. Pcrrier, Artli. Zoot E^ir., voL IT, p. 347, 187$. 

Duncan and Sladcn, op. dt, p. ag, pi. 2, figs. 13-17, 18S1. DanieUsen and 

Keren, op. dt, p. 31, i^ 8^ figa. 13-15, 1884. Sladfn, Voj. Challenger, 

toL XXX, p. 43J, 1889. 
ArltracaiUhitm ^obltma STKXNsnor, Videnalc Medd. nat Forcn., p. a^Ot 

1854. t^tkoi, Gronl. Echinod., p. 30, 1857. 
Supkamuttrias aibuia Vntuu, Balletin Esaez Inat, voL l p. 5, 1871; ExpL 

<^ico Bay, p. 353, 1874; Giedc Litt, 1879; ExpL by the Albatrou in 1883, 

p. 540, i^; Reriaion Genera and Spede* Starfiah, Tram. Conn. Acad, 

TOL X, p. 233, iG^K). 
Varied nitida Vnanx, op. dt, iSfi6, p. 3Si. 

A small aiitot(»nous, finely spinulated spvaa, with five to nine or 
more usually unequal rays, normally with six when full grown (var. 
mtida). 

In the small specimens, while dividing, there are usually two or 
three Itmger, and two to four shorter rays. Mature specimens may 
have the lai^er radius 50 mm. ; lesser, 6 mm. 

The dorsal plates in tiie lai^er specimens bear about eight to 
twelve smaU, crowded, divergent, costellate and rough-tipped spin- 
ules; the median series may be a little larger and distinct About five 
dose-set, alternating dorso-lateral rows of dusters of spinules proxi- 
orally; inferomarginal plates bear three to five distinctiy larger and 
longer spines. 

Adambulacral plates bear two or three (sometimes four in large 
qtedmens), very slender, obtuse spines. 

Major pedicellarisc small, lanceolate or ovate; they occur in a row 
on the inner edge of the ambulacral furrow ; on the iaterradial areas ; 
and sometimes on the adambulacral spines ; a few dorsal ones are 
nnidi larger, stout-ovate, twice as thidc as the spinules. Minor pedi- 
cellarisc small, with abruptly spatulate valves, nearly as thick as the 
qnnules, numerous between the spines, above and bdow. Pqmlae 
rather large, mostly in pairs or single. 

This is a drcumpolar spedes. Its range extends to Greenland, 
Icdand and other parts of the Arctic Ocean, and the northern coasts 
of Europe and Ana. 
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On the east American coast, it is common from low-water mailc 
to too fathoms in the Bay of Fundy and off the coast of Nora Scotia. 
Dret^ed at more than loo stations between N. lat 46° 50^ and 
35° IS* 30". Off Ciq>e Hatteras and off S. Candtna it is common 
in 16 to 50 fathoms. Cxnmon south of Martha's Vmeyard in 50 to 
150 £athoau. 

Indeitfb, its range 15 o to 339 fathmns ; in one case recorded from 
435 fathoms, off Delaware, and onoe from 1353 fathoms. 

Prof. W, K. Fisber informs me that he has NcHth Pacific speci- 
mens from the following localities : Stephens Passage, Alaska, Alba- 
tross Station 4253, in 131 to 188 fathoms, rocks and shells; Shelikoff 
Strait, Station 4392, 94 to 102 &thoms, blue mud and sand. Off 
Bering Island, Statioo 4791, in 76 faitboms, rocks. 

The ^wdmen examined by me is from the last named locality, sent 
by Professor Fisher. 

A closely related form, S. gracSit (Per.), occurs in deep water in 
llie West Indies. 

Gemu Ctennteria* Verrill, nor. (See p. 53.) 
T>pe, C. tfitiriMrgtmnt ( D tnidiMn ud Koren, tp.). 

CTENASTERIAS CRIBRARIA (Stimpson). 
Plate XXV, figures 3. 4 (tjfit) ; text-figure 7. 
Atttriu eribfaHa Smmrar, Proc Boston Soc NaL Hist, nn, p. an iSG°>- 
Ladwig, ZooL Jahr., p. aB8^ 1886; Fuuu Arctia, p. 48a, igoa Bell, 
Arterir, 1881. pp. 404. 50$. 
Atttriaa ipitditrfmu Dan. and Knnt, Norwegian N. Atlantic Expedhion. 
Aiteroidea, p. 5, pL i, figs, i-ii, 1884. 
This small, five-rayed species was tlius described by Stimpson : 
"This species has veiy much the aspect of a CribrtUa. Body 
thkk and tumid, with a smoothish appearance resulting from the 
great ntmiber and small size of the ^ines. Skin rather pliable or 
ooriaceoas ; ossicles very slender, but very numerous. Rays five, not 
contracted at base, and ratiier higgler than broad. Disc rather large. 
Proportion of the diameters i : 4.8. Ambulacra! pores not crowded, 
and forming two zigzag rows rather than four distinct rows. Some 
small, acutely triangular major pedicellariae in the furrows. Ambu- 
lacra! spines cylindrical with bluntly rounded tips, forming (except 
toward the extremity of the ray) two r^ular rows, two to eadi 
plate, and bearing small dusters of minor pedicellarise at tbeir outer 
bases. Ventral uid lateral spines in r<f;u!ar rows, but pasting iroper^ 
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cq>tibly into the dorsal spines oa the higfa, rounded side of the ray ; — 
four of these rows may be counted, in which tfie spines are snuH, 
slender, shorter, and ax>re pointed than the ambulacral spines, and 
surrounded at base by thick wreaths of minor pedicdlarisc, which 
wreaths, in alcoholic specimens, touch eadi other at their bases. The 
dorsal ossicles, widt their interspaces, are mostly transverse in dirco- 
tkn on the rays, and anastcnnose pretty closely, except that there is 



CttnaiUiJQt erIbtaHa, No. Cuj, U. S. Nkt. Udi. (Yobiw). ^, a jaw; a, u; a, 
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on each side a series of transverse membranous interspaces nnxlh 
lai^^ than the rest (often one-fifth the width of the ray) and eadi 
containing from two to five papuls. The papula: elsewhere stand 
singly, sometimes two together. The dorsal spines are very 
numerous, minute, no tiiicker, and much shorter than the latero- 
ventrals, and are more or less c^itate ; — they are somewhat variaUe 
in size, and are arranged tn groups on the ossicles. Among them are 
cwi^derable numbers of minor pedicellarias, which are often half as 
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large as the spitua tiiemselves. On tbe disc the spines are veiy 
much crowded, as they also are along: the middle of the ray, forming 
a more or less distind: median series. The spines of the eyelids and 
extremities of the rays are much stouter than any of the othera either 
above <»* below. The madrq>oric plate is lar^, but not surrounded 
by any special arnu^ement of prcAxcliag ^lines. The minor pedi- 
cellariae in this species are stron^y truncated at tbe extremity. The 
major pedicellarise are few in number, and situated on the disc 
below, — small ones at the inner bases of the labial ^ines, — and two 
or three very large oies in the ang^e of tiie rays; the latter havii^ 
stout, almost cylindrical valves, one of which is sometimes notdied 
at the extremity for the reception of the point of the other. A large 
specimen, probably of this spedes, was found, in which sane of these 
large major pedicellariae also occurred on the sides of the rajrs. 
Diameter, ustoUy two and rae-half inches. 

" This fine species spears to be allied to A. MOiUri, although so 
different in aspect. 

" I>re<^^ in considerable numbers on a muddy bottcnn in from 
twenty to thirty fathoms, in the Arctic Ocean, north of Bering's 
Straits. U. S. North Pacific Expedition. C^t John Rodgers." 

St Matthew's Island; Lawrence Bay, in 15 to 20 fathons 
(Ludwig). 

Natural-size [diotographs, furnished t^ Dr. Rathbun, are here 
reproduced. Tbey are from Stlmpson's type, in the U. S. National 
Museum. 

Ludwig (op. cit), 1886, gives die following infonnaticm: 

" The present examfdes of this species, known bitfierto only 
northerly from Bering Strait, from a depth of 20 to 30 fathoms, were 
discovered southerly from Bering Strait. The largest specimen 
(6.5 cm. across) comes from St Matthew's Island; the remaining 
seven specimens are fmn LcM«nz Bay. Amoag the latter is found 
one 5 cm. across, which possesses only four arms, while all the 
others are five-armed. With the exception of the four-armed indi- 
vidual, the specimens from Lorenz Bay are young animals, which 
have a' size of from a cm. to 3.3 cm. In five cases the depth and con- 
dition of the bottom are given; the former amounts to 15 to 17 
fathoms ; the latter is designated as ' fine day mud.' " 

This appears to be a strictly arctic and drcumpolar spedes. It has 
not been taken on the southern coast of Alaska, so far as I know. 

The Asteriat spitsbergensis Dan. and Koren must be very closely 
related to this, and probably identical. It has tbe same general 
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^q)earance, doe to the lai^ number of small, even spimiles, and 
their peculiar transverse arrangement on the sides of the rays ; tiie 
same reticulate arrangement of slender dorsal ossicles ; and essen- 
tially the same arrangement of tiie marginal ossicles and spines. 
Superomarginal ossicles seem to be equally obscured in both. Bodi 
also have three corresponding forms of pedicellarise. In both, 
tbe fordpulate ones are unusually stout and Uunt ; in both there are 
adandmlacral forficulate pedicellariz with acute tips, and also a 
nmch larger dermal kind, "nearly cyUndrical," with wide obtuse 
valves. Tbe last-named form b very unusual and is a strong indi- 
cation of specific identity. The principal difference seems to be tiiat 
in C. cribraria the adambulacral [^tes are described as havii^ two 
qunes, while in C. spitahergensis they bear alternately two and time 
^lines. The differences may well be due to the much larger size 
of the latter, which was about twice as large as the former. 

After carefully comparing specimens of both, my conclnsiaa is tiiat 
tbey are identical but variable. 

Several young specimens of cribraria of different sizes were sent 
to me by die United States National Museum (Na 6133). These 
were taken in the Arctic Ocean, north of Alaska, near Icy Cape, in 
10 to 15 fothoms, mud and sand. Smith, 1874 ; coll. W. H. Dall, No. 
1212. One of these funiisbed the details shown in text-figure. 
No. 7. Tbe larger of these (greater radius, 30 mm.) agrees almost 
exactly with a specimen of similar size from Spitsbergen, 17 to 23 
fathoms, July 25, 1899, sent by the Museum of Comparative Zoology. 
Another, from Greenland, sent wttb last, is smaller and agrees well 
with the smaller Alaskan qKdmens. These were labelled as A. 
gremltmdiaM, but do not agree with typical specimens of tbe latter 
sent to me by Dr. Chr. Lutken. 

Genus Bvasterias Verrill, nov. 
A group of long-rayed, diplacanthid starfishes with a rather small 
disk and a reticulated dorsal skeleton, bearing numerous small spines 
arranged in a reticulated or subreticulated pattern, or in transverse 
combs, and having several rows of imbricated interactinal ossicles, of 
which, in the adult, there may be three to five or more rows. Type, 
E. troschelii (Stimpson). (See also p. 51.) 

EVASTERIAS TROSCHELII (Stimpson). 
Plate xxn, figure* i, 9; pUle xxv, fignrct i, a (t^pe) ; jdate xxn, figarei t, a 

(ij'pical) ; pUte Lxn, figure i (variety) ; plate on, figures i, a (ronng)- 
Atttriat IroschtHi SniiPSOM, Proc Boston Soc Nat. Hist, vm, p. 367, 186a. 
Verrill, Trans. Conn. Acad., n, part 3, p; 396 (no descr.) 1868. Perrler, 
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op. dt, 1^5, p. 335 (no doer.). Bdl, i8Si, pp. 405, 505. WhitetTCS, 
Traiu. Roysl Soc Caiuda, iv, p. 116, 1887. 
Atttriat braekiala Pcrrier, Ardi. ZooL Expix^ iv, pp. jaft 357, 1875 (locali^. 

Gulf of Georgia) (mmL.). 
Asttriat {Difkuttriat) tpkUora n Louoi, lUm. Soc Phyt. et Hist Nat, 
Ga^vt, xxxn, p. ift pL n^ figt. a-ad, 1871 inorn Bnuuh). 

Several spedmens which evidentiy beloog to this species, were col- 
lected by the Harriman E^qtedititm. 

When well grovm it is a lai^e, five-rayed starfish with a small disk 
and toi^, round, tapering rays, with a rough uneven dorsal surface, 
covered with short, unequal, obtusely rounded or capitate ^ines, 
which are arranged in an irregularly reticulated or areolated pat- 
tern, and always in short rows and more or less clustered or acer- 
vate. The inferomaiginal and actinal plates bear usually four to six 
or more rather regular rows of longer and larger, mostly blunt spines. 
Two insular series of slender adambulacral spines. 

Dr. Rathbnn has forwarded two photographs (here reproduced, 
pL xxv) of a part of oae ray of the type, which seems to be all that 
is preserved in the U. S. National Museum. Very little can be added 
to the origiiuU description from this fragment. This specimen was 
less than half the full size. The original description was as follows : 

" Rays five, slender and somewhat pentagonal, regularly tapering 
to a point ; disc small. Pn^mrtion of the diameters, i : 7. Ambu- 
tacral pores in four r^;ular rows. Ambulacral spines in two or three 
rows, generally two, but occasionally one, to each plate; they are 
sub-cylindrical, and bear dusters of minor pedicellarix at the middle 
of their outer sides. There are four rows of ventral spines (rarely 
five, near the base of the ray), which are longer than the ambula- 
crals, slender, with acute tips pointing outward. At the bases of the 
ventral spines there are numerous minor pedicellariac, clustered at 
the outer side in the inner rows, but forming wreatibs around those 
of the outer row. The marginal row of dorsal spines, on the side of 
the ray, consists of about fifty spines as slender as the ventrals, but 
capitate, with truncated tips. The other dorsal ^ines, above, are of 
two kinds, a larger and a smaller. The larger ones are few in num- 
ber, sh<vter but much thicker than the ventrals, capitate, with flat- 
tened heads, and are arrai^ed in a pretty r^ular thot^ s(Mnewhat 
zigzag median row of about twenty-five ^ines, crowded near the 
disc, but farther apart near the extremity of the ray. Between this 
row and the marginal row there are scattered a few more of the 
larger kind, sometimes in dusters or short rows of three or four. On 
the disc they form a more or less distinct pentagon, within which 



>y Google 



SHALLOW-WAIBK 5TABP1SHES 153 

there is another drde, and a ^ine of lai^ size in tht center. The 
spines of the smaller Idnd, minute, slender, and truncated, are scat- 
tered between the larg^ ones. Minor pedicellariae are scattered in 
considerable numbers between the spines, and form wreaths around 
the bases of the larger ones. The major pedicellariae are very few in 
number, small in sizc^ and of rather slender form. Pqmbe numerous, 
bttt not forming r^^ular groups. Diameter, five inches. (Stimpson.) 

" A pretty and well-chanicterized spedes, related to A. epicMora. 

" Habitat, Paget Sound. North West Boundary CommissicMi. Dr. 
C. B. Kennerly." (Stimpson.) 

Two nearly typical qwdmens were taken by the Harriman Expe- 
dition at Yalmtat The larger of these is a dry specimen (a) ([d. 
XXVI, figs. I, 2). It has the radii 18 mm. and lao mm.; ratio, 
about 1 : 6.6; breadth of ray at base, 21 mm. The other (&) has the 
radii 19 mm. and 115 mm. ; ratio, about i : 6. 

In both these specimena the back is deq>ly areolated and reticulated, 
the spines mostly standing in single rows around the pi^Milar areas, 
but forming dusters at the principal intersections of the rows. Both 
have the median dorsal band of spines distinct on the prc»cimal half 
of the ray, but quite indistinct distally, where the areolations become 
closer and the ^ines much more crowded and clustered. The spines 
in both are short and capitate, unequal in size, the larger ones sur- 
rounded by a cluster of smaller ones, but in one specimen (a) the 
larger spines are consJderaUy larger than in the other, with sub- 
tmncate roug^i tips. 

In one specimen (b) the center of the disk is occupied by a pretty 
r^ular figure, formed by five polygonal areas, bordered by ^ines, 
and surrounded by ten other pdygonal and triangular areas, with 
others at the radial angles, thus forming a somewhat stellate figure. 
But in the otlier specimen (o) this arrangement is obscured by the 
crowdii^ of the spines. 

The superomarginal spines fonn a wdl defined band, each plate 
bearing one larger «q)itate spine, like the dorsals, and two to five or 
more smaller spines of the same kind. There is a well defined lateral 
channel which, in one of these specimens (b) bears one or two rows of 
small spines distally, besides some large pedicellariae, but in the other 
(o) these inteTp<4ated spines are almost all lacking. 

The inferomaiginal row of spines is well defined and nearly r^u- 
lar. In one case (a) each plate generally bears only one spine proxi- 
mally, but on the distal third of the ray there are mostly two equal 
spines, close together. In the other example (&) nearly all these 
plates bear two stouter and blunter spines, to the base of the rays. 



>y Google 



X54 nsBiix 

On the pnudmal put of the rays of the latter tiiere are three rows 
of strong actinal i^tes, with a fourtii rudimeatary row dose to the 
base. The two outer rows usually bear two spines to a plate ; the 
two inner ones only one ^ine, so that there may be fire or six spines 
in each ttaosrerse series. But in the other spedmen (a) tiie larger 
proportkm, both of the inferomarginal and actinal plates, bear only 
one spine, so tfiat the total number is much less ; and they are also 
less stoat, a little tapered, and not so datnsely rounded at the tips, 
so that tiiey appear much more openly arranged and more regu- 
lar. But in both, these ventral spines are rather large, elongated, 
subequal, sulcate at the obtuse tips, often bent upward, and fre- 
quently compressed when crowded. 

Each jaw bears a pair of strong, tapered, blunt teedi, stouter tiian 
tbe adambulacrals, and an external strongly divergent pair, about 
half as long; on the external end of the jaw-plates there is a dose 
pair of longer and more tapered spines. The next four or five 
adambulacral plates (adorals) are closely crowded tc^ether, and 
each usually bears a similar \oog, slender adoral ^ine. In many 
specimens eight to ten adoral plates are monacanthid, bat in tfie 
largest example tiiey become diplacanthid at about the fourth to 
the sixth, varyii^ on the diflFerent rays. 

The more distal adambulacral {dates are pretty r^ularly dipla- 
canthid. The two spines are nearly equal, and on the middle of the 
rays are about equal in length to the actinals ; but toward the mouth 
tfiey gradually become much longer, more slender, and acute ; most of 
them are tapered but not acute. They bear, above mid-height, large 
clusters of fordpulate minor pedicellarix, with which some small 
forficulate pedicellariae, of about the same size, are often inter- 
mii^;:led. 

Thidc wreaths of clusters of minor pedicellarise also occur on all 
the ventral and upper marginal spines, but only in small numbers on 
the dorsals. They also occur as dermal pedicellariae, scattered over 
the dorsal surface. 

Major pedicellarise are few cm some specimens, but abmidant on 
others, especially on the lateral channds and on the adoral spines. 
The largest are on the interradial areas. These are mostly ovate- 
lanceolate, or regularly lancedate, cmnpressed, and have very acote 
tips. Papube are very numerous. 

Cdor, in life, is often bright rosy red or purplish. 

A small dried ^ledmen (a) from Wrai^fel, Alaska, has all the 
essential characters of the larger ones. Its radii are 8 ram. and 
48 mm. to 55 mm. ; ratios, i:6or i: 7, accordingto the rays measured. 
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The rays are slender, well rounded above, and regularly upered. 
The dorsal surface b covered widi very numerous small spines 
arranged in an irregularly reticulated pattern, mudi as in &e adult, 
but cm a much smaller scale. The ^ines are capitate and unequal. 

The upper and lower marginal spines and two rows of actinals 
stand in simple regular rows, one to a plate. The peractinal row 
extends to ihe tips of the arms, the spines becoming very small dis- 
tally ; the first row of subactinals only extends to about the middle of 
the rays; a few spines occur on a rudimentary synactinal series at 
the base of the arms. 

The adambulacral plates usually bear alternately oat and two 
slender spines. The minor pedicellariae occur in clusters on nearly 
all the spines ; major pedicellarix are very few and small. 

Specimens considerably smaller than this are similar in character 
and oould hardly be mistaken for any otber species. 

Two small ^>ecimens {d, e) were taken by Dr. Coe at Sidca and 
preserved in alo^L The lat^r (d) (pi. xxn, figs, i, 2) has the 
radii 12 mm. and 55 mm. The dorsal spines show above the general 
surface only slightly, their rounded tips alone being visible, but tfidr 
clustered arrangement is apparent, and gives the surface an irregular, 
Toagbiy uneven appearance. The wreaths of minor pedicellariae are 
dense and attached near the tips of tlie q>ines, and with the abun- 
dant papulae they closely cover all tiie spaces between the spines. 

The marginal and ventral spines are more conspicuous, their large 
clusters of pedicellarise being attached lower down. These spines 
tonii four very regular longitudinal rows, the upper maif;inals being 
smaller ttian the others. The adambulacral spines are almost con- 
cealed by their large clusters of pedicellarite. 

The smaller example (e) has the radii 5 mm. and 40 nun. The 
rays are round and slender, ratiier rigid, and taper gradually. The 
surface and spines agree with the preceding, except that the dorsal 
^ines are even less apparent and the surface less uneven, though 
the chistered arrangement of the spines is still evident 

The o^or of these alcobc^c specimens is l^ht msty-brown. In 
life it is usually light red. 

VARIATIONS. 

A larger specimen {f) from Puget Sound (Kincaid) has the radii 

22 mm. and 162 mm. ; ratio, about i : 7.3. The five rays are Icng, 

well rounded and gradually tapered. It agrees pretty well with 

those described above, but tiie reticu£iti(Hu made by tiie dorsal sfints 
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are less complete and less regular, both on the rays and on the disk. 
Radial bands of ^ines are not distinct. The spines are aiao smaller 
and less decidedly capitate. 

The inf eromat^inal and actinal ^ines mostly stand singly, so tiiat 
there are usually only four or five rows near the base of the rays, 
but on some of the rays more or less of the plates bear two spines. 

The adambulacral spines are long and slender, about equal in 
length to the actinals cm the greater part of the length of the rays ; 
but toward the mouth they increase in length more rapidly than the 
actinals, becomii^ decidedly long and slender on the adoral plates. 

Major pedicellarix are abundant in the lateral furrows, mterradial 
areas, between the actinal sinnes, in clusters on the adambulacral 
spines, and also on the inner edges of the ambulacra! [^tes. They 
are of moderate size, compressed, mostly acute-ovate or ovate-lan- 
ceolate in form. Those on the sides and bases of the rays are the 
larger. The clusters on the adambulacral spines are in many cases 
composed of small-sized forficulate major pediceUariae, but oa odier 
spines they are mixed with fordpulate minor pedicellariie in varying 
proportions. 

Minor pedicellarix occur in small numbers on nearly all the 
spines. They are also abundant between the dorsal spines, on the 
p^ular areas, and on the surfaces of the lateral channels. They 
generally stand singly when dermal. The papulae are small and very 
numerous, in large dusters. 

In tiie Museum of Comparative Zoology I have studied a good 
series, including some that are quite small. 

One series frran Mendocino, California, includes specimens on^ 
35 mm. to 40 mm. in diameter (No. Ii9i). Lot No. 1192, also from 
California, includes three youi^. No. 1195 is from Alaska. Nos. 
T191, 1194, 1187 are typical spedmens from the Gulf of Geoigia 
(coll. A. Agassiz). Of these, No. 1191, was labelled as Asterias 
bracliiata of Perrier. It is probably a cotype of his species, but is 
not the one of which he gave measurements. He gave no locality 
for his ^wcies. There can be no doubt that the type was f rwn this 
lot and that it is a synonym of E. troschelii (Stimpson), No. 1190 
is a short-rayed, dose-spined variety fmn Mendocino, California. 

No. 1906, fnxn Friday Harbor, Puget Sound (Professor Kincaid), 
is a short-rayed specimen with coarse spinulation (radii, 22 mm. and 
140 mm.). 

The dtvsal spines are decidedly longer than usual, capitate, con- 
spicuously reticulated and arecJated, with no distinct median radial 



>y Google 



SHALLOW-WATBB STABFISHES 157 

rows. Thus its dorsal spioulatioa is similar in appearance to that of 
some examples of Pisaiter ochraceus. But the stout matj;iaal spines 
and three regular rows of actinals are arranged nearly as in tbe 
typical troschelii, and its adambnlacrals are irr^;ularly diplacanthid. 
No large, ut^uiculate dorsal pedicdlariae were found. Although it 
looks like a hybrid with ocfiraceut, it is near the type of var. atoe- 
otata. 

The dermal major pedicellariae are small, lanceolate, pointed. 
Minute minor pedicellariz are sparsely scattered on the integument 
of the back, and form thin wreaths around tbe spines, but on the 
adambnlacral and actinal ^ines they are abundant, forming distal 
dusters, in which there are also a few small, scattered, pcitited 
major pedicdUariac 

The p^mlar areas on the dorsal side are large and the p^nilae 
very ntmierous, in large groups; between the actinal and maiginal 
rows they are large but in small dusters. 

Some other spedmens of this spedes have the rays omdi shorter 
than osoaL This is the case with Nos. 1421 and 1433 (Mus. Comp. 
Zodl.) fran the Gulf of Georgia. In these the dorsal spines are 
nmnerous and crowded, areolated ot reticulated. They somewhat 
resemble var. alveolata, but the shortness of the rays may perii^w 
be due to mutilaticMi and imperfect restoration, for ibe rays are not 
predsdy equal. 

One of the larger spedntens (about twenty inches in diameter) 
studied by me is from Esqoimanlt, B. C (Prov. Mus. B. C), scot Iff 
Dr. Newcombe. 

The radii are 43 mm. and 350 mm.; ratio, 1:5.8; breadth of rays 
near the middle, 68 mm. to 76 mm. 

The disk and rays were evidently distended with air befcwe drying, 
as shown 1^ the wide inflated fcnm, and die widely stretdied dorsal 
papular areas; but near the tips of tbe rays the normal rounded 
form is retained, with the dose reticulate arrangement of the spines. 

The dorsal spines are mostly small and acute, standing on the 
openly reticulated ossides in short rows, the transverse rows being 
most coosfMcnous, especially on sides of the rays. But there is 
a slightly distinct medial row of scBnewhat larger and partly capitate 
spines on the proximal half of the rays. The disk is coarsdy retico- 
hted with slightly la^;er davate and capitate spines. The madre- 
porite is large, complicated, but not surrounded by any special spines 
or grooves. 

Notwithstanding its great size, the number of rows of mai^nal 
and actinal spines is not greater tiian in some spedmens of var. tub- 
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nodota, not more than one-fourth its diameter. The upper and 
lower maigiaals are wide aptrt ; the tipper row is mostiy single ; the 
lower, oKwtly double; the peractinal and the first snbactinal row are 
double; the imperfect synactisal row is single so that there are 
about ei^t pretty regular and even ventral rows proximally. AH 
these ^ines and the adantbulacrals are shaped as in the specimens 
already described. 

Rather Urge, acute-ovate, dermal major pedicellarise are numerous 
between the actinal and marginal rows, and large clusters M smaller 
ones are abundant on the adambulacral spines. Pj^mlse are exceed- 
ingly numerous in large groups oa the dorsal and lateral areas. 

The Asterias epichtora of M. de Loriol (non Brandt, op. dt, 
1897) is doubtless identical with this species, and is not the true 
epichtora of Brandt, which was evidently the common small greenish 
Sitka species, and probably identical with A. saoHickensis De Lwid 
(op. dt, p. 23, pi. n, figs. 3-3d, 4, 5) . This has been discussed under 
A. epichlora. 

The differences that be found, in compariscm with Stimpson's 
description of troschelU, are variable d»racters in this species, as my 
descriptions above will show. Some of the q>ecimens studied by me 
agree well with dw one figured by M. de Loriol and came from die 
same district. 

The geographical range of this ^>ecies is extensive. I have 
studied specimens from Mendocino, California, and Yakuta^ Alaska. 
It was taken by the Harriman Expedition on the Alaskan coast, at 
Sitka, Wrangel, Orca, and Yakutat Mr. J. F. Whiteaves, of the 
Canadian Geolc^ical Survey, sent me specimens from the Straits 
of Georgia, Malaspina Inlet, Discoveiy Passage, and Queen Qiar- 
lotte Islands. Dr. C. F. Newcombe sent many specimens from Vic- 
toria and Esquimault Harbor, some of large size. I have also 
examined specimens from Puget Sound (Kincaid) and several other 
localities. Departure Bay, British Ccdumbia (H. J. Youi^, Canadian 
Geological Survey, 1908), many large and small; Gulf of Georgia 
(A. Agassiz, IMus. Comp. Zool.), a good series. 

EVASTERIAS TROSCHELII Var. RUDIS Verrill, nov. 
The three large specimens (A, », ;) about equal in size and form, 
from British Columbia, appear to belong to this spedes, diough thc^ 
have larger and swdlen rays, and much coarser dorsal opines. One 
of diese has the radii 36 mm. and 352 mm.; ratio, 1:7. The 
spedmens are flattened in drying, the dorsal skdeton being weak, 
and tliis makes die rajrs appear broader. 
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The dcH^ surface is very openly reticulated, with rather small 
and narrow ossicles, forming laige, im^;ular, angular [npular areas. 

The dorsal ^lines are rough, unequal, and numerous, though less 
numerous than in the type. They are irregularly and coarsely reticu- 
late in arrangement ; and toward the base of the rays, especially od 
the sides, the smaller cmes form short transverse rows or combs on 
the borders of the larger, transversely dongate, papular areas. 

The larger spines, which are relatively few in number, are short, 
strongly clavate or subtrunate, and striate at the tips, mostly scarcely 
higher than broad. These larger ^ines often form an irr^ular 
median radial row proximally ; others are irregularly placed on the 
nodes of the larger reticulations. Toward the ends of the rays, they 
become much more numerous and sometimes stand in small groups. 

The smaller spines are very much smaller, mostly tapered and sub- 
acute, but aotat are obtuse and many are spinulose at the 
tip. The whole dermal surface, including the papular areas, is cov- 
ered with numerous small minor pedicellarix. They also form small 
clusters on the bases of the ^ines. The supercnnarginal spines are 
rather loiter dian the dorsals and tapered or only slightly clavate, 
often obliquely truncate; they mostly stand sii^ly oo the plates and 
form a r^ular row, but on one specimen they stand two or even 
three on a plate, the secondary ones being smaller. 

The inferomarginals are very ^milar in size and form, but rather 
more tapered; they usually stand two on a {date, but sometimes 
singly proximally. 

There are usually three rows of actinal ossicles proximally, some- 
times four, rarely but two. Many of them bear two or even three 
spines, others but one, so that the number of rows of actinal spines 
is variable; but they are always numerous, crowded, nearly equal, 
and very similar to the infenHnarginals, though usually rather 
longer and more tapered, especially toward the mouth. 

The adambulacral spines are terete, much more slender, but about 
as long as the actinals, they mostly stand alternately, one and two to 
a plate. Those within the disk, and especially titt adorals and c^ 
orals, become decidedly longer (6 mm. to 8 mm.) and more slender. 
The ^ical perorals are much shorter and stouter. 

The lateral channels, between the upper and lower marginal 
spines, and also between the latter and the peractinals, are well 
defined and bear numerous pedicellariae of both kinds. 

The major pedicellarise are acute^nrate or triangular-ovate, acute 
at the tip, and not very large. They also occur on the back and 



>y Google 



l6o VEHUU, 

aiiKHig the ventral and adambolacnd spines. The latter bear dense 
clusters of minor pedicellarise on the outer surface, and near tbeir 
tips. 

The madreporic plate is large, with numerous fine, foiked, radial 
gyri. It is not sorroonded by a qiedal drde of spines. 

Another large qtedmoi (k) from Victoria, British C^nmUa, 
differs considerably in the spinnlation, especially on the ventral side. 

The radii are 36 mm. and 233 mm. ; ratio, i ; 645. 

The rays are stout and broad, but unnaturally flattened in dryii^, 
so that they tiq>er rather abruptly distally. 

The smaller dorsal spines are numerous, mostly in reticulated 
lines and in short transverse rows or combs, the transverse lines 
being most conspicuous [Htudmally and toward the sides of the rays; 
dorsally ; not so evident on the disk. These nnaller ^ines mostly 
stand in a single row on the narrow carina of the ossicles surround- 
ing the lai^ papular areas. Part are slender and acute, about i mm. 
to 1.5 mm. long and 0.35 nmi. thick. More than half of than are 
obtuse or davate, of about the same length, but from 040 nun. to 
0.60 mm. thick. 

Larger capitate and sulcated spines are scattered among the 
smaller reticulated spines. They stand on the larger ossicles, and 
especially along the median radial lines, forming, with many smaller 
ona, rather irregular radial ranges of ^ines. On the distal part of 
the rays the spines become more crowded and the laiger mes more 
numerous, and are then often grouped more or less in clusters. 

Tlie madreporic i^te is large, viOi fine radial gyri, and is sur- 
rounded by an irregular row of small ^ines. Minor pedicellariae 
are thickly scattered over the papular areas and surround all the 
qnnes, in small wreaths. 

The superomaiginal spines f onn a pretty rq^ular row, in which 
the larger, blunt ^ine on each i^ate is acomipanied t^ one to three 
smaller, more acute ones. The ventral spines usually consist of three, 
often double, rows and a single synactinal row, all crowded pretty 
closely together, and nearly equal in length, but differing in form. 

Most of the inferomarginal ossicles bear two equal ^ines and 
sometimes three, so that there may be from four to seven spines in 
each transverse range. Tliese ^nnes are mostly rather short, stout, 
partiy blunt, partly tapered, often bent, some of those toward the 
mouth becoming longer, subacute, and often excnrved. They are 
mottiy about i mm. thidc and 2 mm. to 3 mm. high. 
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The ventral ossicle^ are stout and tesselated ; in size, abape, and 
number very nearly as in the typical form. The adamtralacral sinncs 
are longer and more slender than in the type, especially toward the 
mouth, where they increase more in length, some of the adorals 
becoming 6 mm. to 7 mm. long. They are mostly altematdy one 
and two to a i^te. The apical peroral spines are stout and blunt, 
rattler loc^. The dermal major pedicellahse are nearly as in the 
type, but some are larger and stouter. There are few on the dorsal 
surface. 

This large and peculiar variety might welt be thought a distinct 
species, had there not been specimens more or less intermediate in 
the cc^ections from Victoria aad the Queen Charlotte Islands. It may 
be that it is the OMidition commonly assumed when grown to unusual 
size. 

In form, size and general appearance ttm varied resembles 
E. acanthoitoma, but the dorsal spines of the latter are much 
smaller and more acute, and form conspicuous transverse combs. 

Victoria and Esquimault Harbor (Prov. Mus. B. C, effected by 
Dr. C. F. Newcombe) ; Queen Charlotte Islands (Canadian Geok^- 
ical Survey). 

EVASTERIAS TROSCHELII Var. DENSA Verrin, nor. 

One young specimen (f) from Victoria, British Columbia, is 
peculiar in having tiie dorsal spines all nearly unifmm in size and 
form, all being capitate and arranged in a rather close reticulate 
pattern, the spines standing in single rows and nearly in contact on 
the reticulating ossicles. Proximally they often form short trans- 
verse rows on tiie sides of the rays, but distally they are rattier uni- 
formly crowded and not acervate, nor is there any distinct median 
radial row, nor any larger primary spines elsewhere. 

The reticulations are mudi smaller, more transverse, and closer 
than in the typical form ; this, and the absence of pedicellarix in 
clusters around the large ^ines, give it a very different appearance, 
approaching that of the large specimen of E. acmtthosloma, in this 
nspect 

There are five r^;ular rows of convex, imbricated, ventral ossicles 
proximally, many of which bear two sfnnes, which are crowded and 
much like those of the larger form, but rattier more slender and less 
obtuse. 

Radii, 13 mm. and 78 mm. ; ratio, i : 6. 

Near Victoria, British Colun^a (Prov. Mus. B. C). 
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EVASTERIAS TROSCHELII Var. ALVEOLATA V«rrill, dot. 
Plate Lxn, figure i. 

A five-rayed, conspicuoasly reticulated variety, with plump, 
rounded, tapered, subacute rays of medium lo^^h. Radii of the 
^pe, 22 mm. and i lO mm. ; ratio, i : 5. Madreporite large, round, 
convex, yellow, surrounded by a drde of fine capitate spines. 

The dorsal ossicles are narrow, but high, with subacute summits, 
on which are rows of small, slender, o^titate spines. They surround 
rather deeply depressed, angular, papular areas, variable in size and 
form, but often hexagonal or pentagonal ; larger and more rectan- 
gular ones are on the sides of the rays, between the marginals. 

The dorsal spines are somewhat unequal, the larger ones standing 
at the intersectioos of the ossicles and cm the median line, but forming 
only a very inconspicuous median band ; they are not at all acervate. 

The marginal and actinal sfHues form five nearly simple, regu- 
larly ^>aced rows proximally, all of which are similar in size and 
form, except the upper marginals, which are shorter, thicker, and 
more capitate. These mostly stand one to a plate, but sometimes 
two; or there may be one or two small accessory spinta on the plate, 
or on the comiecUng transverse ossicles. The spines of the other 
rows are a little longer, short-clavate or obtuse, and mostly one to a 
plate. 

The peractinal and subactinal rows have one or two to a plate, or 
alternately one and two in places. The synactinal row extends to 
about the distal fourth of the ray. 

The adambulacral ^ines stand mostly two to a plate; they are 
rather stout, cylindrical, or slightly tapered, acute. 

Pedtcellaris are few. Very small, ovate dermal major pedicel- 
larise are scattered on tfie dorsal side; and larger ones, more acute 
in iorm, are found on the interradial and marginal areas. 

The color, as dried, is dull purple. 

Departure Bay, British Columbia (Canadian Geolc^cal Survey, 
1908). 

This lodes like a distinct species, but is proba|)ly a short-rayed 
variety of E. troschelii. Its rays are not only shorter and thicker, 
but the areolations are deeper and more sharply defined, while the 
marginal and actinal ^ines are larger and fewer, and the rows are 
fewer and more widely separated. It may, however, eventually prove 
to be a distinct species, when a more extensive series can be studied. 



>y Google 



SHALLOW-WATBK STAKFISHBS 163 

EVASTERIAS TROSCHEUI Var. SUBNODOSA V«rriU, nov. 

Sereral speciinens, mostly of rather small size, differ from the 
ordinary variety so much in appearance that they seem to deserve a 
varietal name, tfaon^ intermediate specimens occur. In its extreme 
form small specimens of this variety closely resemble some 6ve-rayed 
varieties of L. epichiora, especially on the upper side. Others, 
70 mm. to 80 mm. in diameter, so closely resemble dorsally the young 
of Pisaster ochraceus as to be readily mistaken for that species ; but 
they can easily be distinguished by the subdiplacanthid adambuUcral 
spines, slender actinal spines, and the small pedicellarise. 

The special features of this variety are the conspicuously clustered 
or somewhat acervate arrangement of the dorsal spines, some of 
which are larger and thicker than usual, with strongly capitate and 
more or less 0at-topped tips, while tiiere are minute rows of much 
smaller davate and capitate spines scattered between them and partly 
on the skeletal network ; the very smallest are often acute. 

All of die spines, above and below, bear large dusters of minor 
pedicellariie, and small dermal clusters are abundantly scattered on 
the back, so that, in alcohol, the dermis and most of the smaller 
spines are quite concealed by them, and the papulae. 

The two rows of maiginal and two to four rows of actinal spines 
are pret^ uniform in diameter and regular, but usually crowded, in 
arrangement; they are nearly as stout as the larger dorsals and 
somewhat longer, the inferomarginals and actioals being longer than 
tire superomaiginals, and a little curved upward. They are mostly 
a little davate and obtuse. In die larger examples the inferomar- 
ginal and actinal rows beccnne double, so that tiien may be six or 
seven rows. The adambulacral spines are crowded, terete, cAituse, 
becoming, as usual in all varieties of this species, distinctly Icmger 
and more slender toward the mouth ; they are loaded with dusters 
of small pedicdlarite and are insularly diplacanthid. 

One tyincal specimen from Wrangd, Alaska, has the radii 10 mm. 
and 60 mm. ; ratio, i : 6. Another from Victoria, Vancouver Island 
(Prov. Mus. B. C), has the radii 22 mm. and 137 mm.; ratio, 
1 : 6 J3. 

EVASTERIAS TROSCHELII Var. PARVISPINA Verrill, nor. 
Plate en, figures t, a. 

Rays five, in the type ; firm, rather short, round and plump, taper- 
ing rather rapidly (Ustally. Radii, 6 mm. and 28 mm. The whde 
upper surface in alcoholic specimens is nearly uniformly concealed 
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t^ die pedkdlarue and p^mlc, so that the small, unifonn ^hiws are 
Karcdy visible, and there ia no ^>parent grouping into dtisters, nor 
any evident rows. The dtisters of minor pedicdlarise are dense, 
though not large, but they are mostly in contact with their neighbors, 
owing to tfie numerous spines. They seem to be attadied dose to 
the tips of the spiaa. 

The lateral and ventral s{nues form about four distinct, regular, 
but crowded, evenly spaced rows, and are rather more distinctly 
defined than the dorsals; but like the adambulacrals, they are wdl 
covered by large dusters of minor pedicdlariae. 

Color rusty-brown, as preserved. 

When dry, the dorsal surface is covered with very mimerotis, but 
not dosdy crowded, small, unequal spines, arranged in snail groiq» 
or sii^y, so as to form irregular drdes around the p^ralar areas, 
thus pving the snrfoce an imperfectly and irregularly areolated 
appearance. The median radial spines are a little larger, forming an 
irregolar crodced row. The d<»sal spines are all short, their height 
scarcdy twice their thidcness, in the larger ones, but the smaller 
ones are much man slender. The larger are capitate, with rough 
rounded tips; others are clavate. The papular areas are numerous, 
round, rather small, but unequal in size. The papulx are unequal, 
and mostly stand singly or in small groups. 

The lateral and ventral spines are all a little ciq>itate, shaped IUk 
the larger dorsals, but a little longer and larger. They form five 
pretty regularly qwced, simjrfe rows (sometinies six) on the [Htnd- 
mal three-fourths of a ray, separated by four rows of papulae. Four 
of these rows of spiats extend nearly or quite to the tips of the rays, 
where they beccnne much crowded. The upper marginal series is 
usually double proximally, with two spines cm a ^tc, but sii^e 
distally. A narrow diannd with a regular row of round papular 
areas separates them from the lower marginals. These form a 
regular row to the tips ; it is double oa the basal part, two spines 
standing dose together on most of tiie plates, but distally it appears 
double by the crowding of the row nact bdow. The latter is sq>a- 
rated (m the basal third of the ray by a row of small papulse ; bnt 
diese are absent distally, so that the s^nnes seem to bdong to the 
lower marginal series, as both rows extend to the tips of the rays, 
but they are probably true peractinals. These are followed by a 
row of papule, and then by a row of subactinals that extends to 
about the middle of the ray. All Aese ventral qunes are much alike 
in ^e and form, and they are pretty r^nlarly and evenly q>aced. 
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The adambnlacral apises are crowded m two cv three irrq^ular 
rows, the pbtes bearii^ dther one or two in irr^ular altematioD. 
Tiuj are about as long as the peractinal spines and resemble them 
in f onn, bat are more slender. They are mostly clavate with rounded 
TOQgfa tips. The outer ones are the larger. They bear small 
dusters of pedicellariae. Minor pediceUarue also occur in small, 
dense dusters m all the ventral and dorsal sfnnes, and singly on the 
dorsal papular areas ; they are very smalL 

Major pedicellariae are very few. The largest are relatively large, 
nearly equal to the adjacent small ^ines in thideness, stout, triai^- 
lar-ovate, obtuse; tli»e stand erect hi the actinal interradial areas. 
A few very much smaller ones, similar in shape, occur on the adam- 
bulacral spines. 

The dermal ossicles are numerous and unusually well devdoped, 
so that tiw dried spedmen is firm and rigid. 

Silka (Dr. W. R. Coe, Harriman Expedition). 

These specimens superficially somewhat resemble C. cribraria, but 
are very distinct in the form and size of the pedicdlarite, in the much 
stouter dorsal ossides, in the arrangement of the dorsal spines, and 
in the fonn of the marginal, ventral, and adambnlacral spines. 

This is quite unlike all the varieties of L, epicUora in appearance. 
It was at first thouj^ to be a new spedes. It may be distinguished 
from epicUora by the small size of the dorsal spines and tbdr 
areolate arrangement ; they are not crowded as in aubsp. nuliorit. If 
they were all enlarged the appearance would be much as in stibq>. 
itiaskensis. The numerous r^;ular, even rows of slender mat^^inal 
and actinal spines are also characteristic The dorsal osucles are 
ntu pe r ous and form a strong reticulation. No very lai^;e, serrate 
major pedioeUaris occur on the types. 

This is, no doubt, me of the rq;ular young iorma of E. troschelU, 
bot my specimens are not suffidendy numerous to connect it widi 
either of die spedal varieties of that spedes. It is ^iparendy most 
like the typical fonn. 

EVASTERIAS ACANTHOSTOMA VeiriU, sp. nov. 

Plate XX, fignret t, 2; plate xxir, figore 3 (type). 

A large spedes with a radier contracted disk and five loi^, tapered, 

flexible arms. Lesser radii of the type, 30 mm. ; greater radU, 375 

mm. Ratio, as 1:9. 

It is remarkable fof the length of the oral and adoial spines and 
tiie adjacent actinal spines; for the numerous crowded ventral spines. 
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which fbnn six to e^t rows ; for the aumerotta very small donal 
spines, mostly arranged in small transverse rows or combs; and for 
the deep ambiilacral grooves and long ambulacral feet 

The adambulacral spines are crowded in tibree irregular rows, 
' most of tbem standing two on a plate, but frequently alternating wMi 
one oa a plate (subdiplacanthid). Those at and near the moutti 
are very long and rather slender, terete, slightly fusifonn, pcnnted. 
The longest are up to 8 mm. or 9 nun, long. They decrease in 
length distally and become more obtuse; about opposite the border 
of the disk they are «dy about half as long (4 mm. to 5 mm.), or 
about equal in length to the adjacent actinal spines, but are smaller 
and more tapered. They all bear dense clusters of minor pedicel- 
larix near die ends. 

The interactinal ossicles form about five r^:ular close rows, nearly 
equal in size and form. The synactinal ones are only a little smaller, 
and like the others may bear two or tJiree spines. Many of the 
actinal ossicles bear two spines that stand oUiqudy on the ossicle ; 
hence there are six to eight rows of crowded, nearly equal spines, 
vlacb are strong, not very long, mostly somewhat fusiform, and 
t^>ered distally, obtuse or subtruncate, often slightly compressed, 
substriate or nearly smoodi, mostly slightly curved outward. They 
bear small, dense clusters of minor pedicellarise on the outer side, or 
sometimes small wreaths. Between all the actinal plates are regular 
papular areas, with clusters of small papulae. Toward the base of 
the arms, and especially on the under side of the disk, these spines 
become loi^^ and more acute, some of the most proximal becoming 
twice the length of those farther out The rows of ossicles diverge 
somewhat at die base of the rays, and the outer ones curve upward. 

Separated from the inferomarginals or outer ventral row by a 
very distinct papular channel, there is a row of strong superomar- 
ginal ossicles, each of which usually bears two or three q>inea, simi- 
lar to the actinal spines in length, but analler and rougher, with 
sulcated tips. This row of ossicles and spines curves upward to ttie 
dorsal surface at the base of the rays, and there meets the corre- 
sponding row of the next ray. 

The dorsal spines, which are very small, nearly equal, either 
tq>ered or clavate, with rough sulcated tips, are very numerous, 
without any r^ular arrangement. They do not form any distinct 
radial rows nor any very evident reticulations. Most of those oa 
the basal part of the rays stand in short transverse or oblique rows or 
combs, varying from two or three to ten or more, but many stand 
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sing^ or in small dusters. On &e distal third of the rays they 
become moch more crowded and stand in small groups or sin^y; 
on the disk they form irregular short rows or imperfect reticulations. 
Everywhere on the didc and basal half of rays there are large papular 
areas, with very large groups of small p^nilz. The spines are sur- 
rounded and partly oHicealed by small wreaths of minute minor 
pedicellarix, which become more abundant on the distal part of the 
rays. Many others occur among the papulae. Major pedicellarise 
occur very rarely on the dorsal surface in this specimen, and mly 
of small size. They are mudi more frequent on the submarginal 
channels and actinal interbrachial naked areas ; these are long-ovoid, 
not very lai^e, tapered, and sometimes with denticulate tips. Others 
of small size, acute-ovate in form, occur witiiin the maT%:ins of the 
ambulacra! furrows. The madreporic plate is lat^, very porous, 
with dose, very complex, narrow gyri. 

The dorsal ossides are very numerous, rather slender, and loosely 
reticulated, so as to leave very large papular areas. The actinal 
ossides are much stronger and more dosely united ; and though nar- 
row they are rather thick. Seen from the inside, the spaces between 
them are deep, squarish and pretty regular. The ambulacral ossides 
are very numerous and mudi compressed, so that they are thin 
between the pores; but tiiey are dongated in the direction of the 
depth. 

The type and only lar^ spedmen of this spedes was taken at 
Popof Island, Alaska, by the Harriman Expedition, July lo, 1899, 
and was sent to me by Professor Ritter. It was unfortunatdy dried 
with the rays badly bent, and some of them were iM'okea in trans- 
portation. 

This spedes does not aiq)ear to be very dosdy allied to any 
other, except E. trosckelH. The latter has more slender rays, with 
the dorsal spines distinctly reticulated and stroi^ly capitate, fewer 
rows of ventral spines, and different pedicdlariae. A large series of 
specimens might, however, show that it is only an overgrown sped- 
men of that spedes, or of its variety rttdw. 

In the character of the dorsal spines, it resembles Pisaster eon- 
fertus; but the latter is strictly monacanthid, and has shorter rays, 
a much broader disk, more regularly reticulated dorsal spines, and 
different pedicellariie. 
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Genus Ortbuteriai VerriU, nov. 
Long-rayed diplacanthid starfishes with a small disk. Dorsal 

dcdeton oxisists of stout, wide, subimbricated, four or five-Iobed 
plates arraoged in ihree, five, or more definite loi^tudinal radial 
rows, and sometimes with extra interpdated flat ossicles, the rows 
ooonected by transverse ossicles. The principal [Jates bear, oa a 
central boss, large, isc^ted spines, standing in three to five or 
more longitudinal rows. The transverse ossicles are strmig, oblong- 
elliptical. 

Usually one row of interactinal or peractinal plates, with or with- 
out spines, closely united to the adambulacrals and inferomaiginals ; 
sometimes they are rudimentary, and without spines; rarely two 
rows. 

The inferoniarginals are strong, four-lobed plates, each bearing 
usually two large ^ines. Superomarginals are large, usually 
monacanthid, fbiu'-lobed; the desnnding lobe is large and usually 
joined directly to the inferomarginals, by overlapiHi^ the aiq>er lobe 
of the latter. The alternate superomarginal plates are usually with- 
out a spine in all of our species except O. forreri, O. Uftolena, and 
pertiaps O. kahleri. 

Seen from the interior, the dorsal skeleton is largely composed of 
the stout connective ossicles, mostiy in transverse positims, and some- 
what reticulated. 

This genus is represented on the Atlantic coast of the United 
States by O. tmmeri Ver. and by O. suboHgulosa Ver. {=A^erios 
OHgulosa Per., name preoccupied) in the West Indies. O. eustyio 
(Sladen) seems also to belmig to the genus. 

The lateral and dorsal major pedicellarix are unusually laige, and 
are usually of two or more forms. The larger are erect, wedge- 
shaped, stone-hanmier-shaped, or ovate, witii the tips of tbe valves 
wide and usually denticulate. Others are more slender, with tbe 
valves spatulate or narrowed in the middle and the tips unguiculate, 
with interlocking teeth. Others similar, or smaller, with acute tips, 
often occur (m the adambulacral ^ines and margin. Type, 
O. Columbiana V. 

ORTHASTERIAS COLUMBIANA Verrill, sp. nov. 
Plate XXIV, figures i, a, 4; i^te xxxr, fignre i; plate ucv, figure a; pUte 
Lxxnn, fignm i-ir (pedkdlarue) ; pUtc ucxix, figum 3-3^ (spiiiei and 
pfdicelbriK) ; ptate Ctx, ligiires x-ib (ttnictnre). 

The type of this species is a rather large specimen collected at 
Yakutat, Alaska, by Prof. W. R. Ok, on the Harriman Expedition. 
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Tile radii are 18.5 mm. and 157 mm. ; ratio, about i : 8.5. The disk 
is small, the 6ve anns are long, rotmded or subangular above, and 
t^ier very gradually to rather small tips. The dorsal plates are 
nomeroos, forming fire rows, with some interpolated ones. Th^ 
are lai^ wide, considerably thickened or convex, those in the three 
primary radial rows having more convex <»iters and forming a 
tow but distinct carina. 

The dorsal spines form about 6ve more or less r^ular rows above 
the upper marginals, often with some intermediate ones. The five 
main rows extend nearly to the tips of the rays, the spines becoming 
radier crowded distally, while proximally tfaey stand well apart, 
except in the median row. The dorsal spines are all nearly equal, 
except distally, rather large, cylindrical, or sligfady davate, with 
obtuse or rounded sukate tips, and bearii^ dense wreaths (A minor 
pedicellarix above or about the middle. 

The larger spines are about 4 mm. high and i mm. in diameter. 
The upper marginal plates are also thick and convex ; their ^ines 
are like the dorsals, though a little laiger, and bear similar groups 
of pedj ce llariae. They form a very r^ular row, ooe to each alternate 
plate. Along the middle of Ae ray th^ stand about 3.5 mm. to 4.5 mm. 
apart, but become crowded to i mm. or 2 mm. distally. Between the 
upper and lower marginals there is a rather wide naked channd, 
crossnl by the thickened descending afiophyses of the marginal plates, 
and bearing on the plates many very large, ovate and spatulate major 
pedicellariae. These often alternate with the spines; others are 
irregularly placed. 

The inferomarginal ^Hnes form two rows, two divergent sjunes 
standing obliquely close together on most of the plates. They are 
sonilar to the upper ones in size and shape, though many are a little 
compressed and more strongly sulcate at the tips. They bear large 
groups of minor pedicellariae on their upper sides, about mid-hei^t. 
The inferomarginal plates are stroi^y convex, with the outer sur- 
face elliptical. Another r^iular row of similar qunes is borne by 
the peractinal [dates, close to the adambulacrals, each corresponding 
to about five pairs of the latter. They extend regularly nearly to 
the tips of the rays and have papular pores between them. The per- 
actinal plates are rounded and convex. 

The adambulacral spines form two very r^ular and equal rows. 
They are slender, scarcely tapered, terete, or slightly compressed 
distally, with blunt tips. They are shorter and much smaller than tihe 
adjacent actinal spines. Those on the adcnral plates are distinctly 
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kmger and more slender. Four contingent pairs of plates, besides 
the two apical ones, form the compressed oral carinse, each bearing 
a single ^ine. The eptcval spines are like the others. The perorals 
consist of an apical pair of shorter and stouter spines and a divergent 
aoxiliary spine, of about half their length, on eadi side. 

Major pediceQariac of different sizes and fonns are scattered over 
the dorsal surface as well as on the lateral channds and on the mar- 
gins of the ambulacial grooves; others occur on the actinal areas, 
on the tips of the jaws, and on the adambulacral spines. Tlie largest 
occur on the marginal plates. These are compressed, long-ovate, 
oblong-ovate or oblong-lanceolate in a frcnt view; some are very 
stout, with somewhat spatulate rounded tips, in a profile view ; a few 
are denticulate, others acute. Those of the ambulacral region are 
more compressed and usually much smaller, though the iATger ones 
are here as wide as the adambulacral spines ; most of these are long- 
ovate or lanceolate and acute. Those on the back are mostly acute- 
ovate, 

The minor pedicellarix are rather unusually large and form dense 
clusters around all the dorsal and upper marginal spines at about 
mid-height, while smaller groups occur on the actinal and adambu- 
lacral spines. Papulae are small and numerous. The ambulacral 
grooves are wide; the pores, which form four regular rows, are 
narrow-elliptical, with flaring lips. 

A smaller specimen from Queen Charlotte Islands (Canadian Geo- 
logical Surv^, 1878) has the radii 12 nun. and 72 mm.; ratio, 
1 : 6. The dorsal spines are more numerous and longer than in the 
type, and stand in about five rows. They are all nearly equal and 
rather isolated, except those in the median radial row, where th^ 
stand in a pretty dose line. They all bear a dense wreath of minor 
pedicellariae on a sheath, at about mid-hdgfat The dco-sal ossicles 
are strong and closely united, convex, with a mammilliform elevation 
and a central pit, where the spine was attadied. 

The upper and lower marginal spines are a little longer, but similar 
to the dorsals ; both are in regular rows, but die lower ones often 
stand two on a plate proximally. Actinal spines similar, in one row. 
Adambulacral spines long and slender, but rather shorter than the 
actinals, except on the adoral and epioral plates, where th^ becone 
decidedly longer. They stand irregularly, one and two to a plate. 
Adoral carinx cmnpressed, formed by two or three contingent platet, 
besides the epiorals. Peroral spines of moderate length. 
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A good dry specimen taken at Departure Bay, British Columbia, 
in 18 Eathoms, gnvel bottom, September, 1908 (C. H. Young), has 
been sent to me by the Canadian Geological Survey. 

Radii, a8 mm. and 190 mm. ; ratio, about i : 7. The dorsal skeleton 
is rather firm, though the plates are small, but the plates and cross- 
bars are numerous, and papular areas are not very large. The 
median row of spines is pretty close and regular, composed of a 
single row of large and long, nearly cylindrical, partly tapered, blunt 
spioes, <ne to a plate. On each side there are two or three less 
regular, ratiier distinct rows of widely spaced long spines, like diose 
of the median row, but not half so numerous. 

Below the middle of the side there is a more r^;ular row of similar 
but more numerous superomarginal spines, curving upward, proxi- 
mally, to the upper margin of the interradial aisles. These, like the 
dorsal spines, have a close wreath of small minor pedicellartK, 
usually near the tips, but at least beyond the middle. 

Separated from the upper marginal plates by a wide, naked, 
p^ular lane, there is a regular double row of lai^ spines, which 
are the tnferomarginals. These spines are shorter and rather 
smaller than those above, with blunt, fluted tips. They stand 
obliquely on the plates, the lower one more distal, and close to a 
amilar spine arising from each of a series of small, roundish, per- 
actinal plates, so that the three rows of s[»nes form a series of 
obliquely transverse, short, close rows, <xily slightly separated fran 
the adambulacrals. Each peractinal plate corre^Mxids to four or five 
adambulacrals. 

The adambulacral spines are arranged regularly, two to a plate. 
They are equal, slender, ti^Kred, subacute, shwter and much smaller 
than the adjacent ventral spines. Carried on the adambulacral q)iiie3 
and within the borders of the grooves, are numerous rather large, 
lanceolate, subacute major pedicellariie, many of them equal in 
thidmess to that of the spines, at mid-he^ht, and from one-fourtii 
to one-third as long. On the sides and back of the rays there are 
also many scattered major pedicellarise, mostly of still greater size. 
Some of these are lanceolate, but most are thick, stout, ovate or 
oblong-ovate, with the tips of the jaws blunt and stnHigly denticu- 
late. 

The dried specimen has been stained by tfie preparator to a deep 
red-brown color, probably imitating its color in life. 

The largest specimen that I have seen is about two feet m diameter, 
as dried, it has the greater radii 340 nnn.; lesser, 30 ima; ratio. 
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1 : 8. It was taken in 25 fethoms, off Victoria, British Cdumbia, and 
was sent to me by Dr. C. F. Newcombe, from the Prorincial 
Museum of British OJumbia. 

It agrtes well with the spedmcn from Departure Bay, in nearly 
all characters, except those a^qiarently due to greater age. The fire 
rows of lai^re dorsal ^ines are pretty regular and are arranged as in 
the latter, as are the marginal and ventral spines. As in the smaller 
specimen, there are but tfiree rows of ventral spines, standing in 
the same way, in short oblique groups of three, but these spines are 
relatively longer, beii^ nearly as lot^ as the upper mai^inals. 
Major pediceOariae are of different sizes and forms, but mostly large, 
scattered on tbe back and sides, as already described. The large 
denticulate form is most numerous. 

Aloohdic specimens of Has species were also obtiUned by the Har- 
riman Expeditkm (pi. xxir, 6gs. i, 2). These have the rays plump 
and rounded. The wreaths of minor pedicellaTiie on the dorsal and 
lateral spines are so large tiiat they are neariy or quite in contact, 
over much of the surface. The ambulacra! feet are large and 
crowded. The spines are arranged neariy as in the dry specimen 
described above. 

This species is evidently dosely allied to O. dau/soni, which I for- 
merly supposed to be merdy the young. But the latter has mudi 
fewer dorsal and lateral spices and plates, owing to the rdatively 
larger size of the latter. This is especially noticeable when the distal 
parts of a ray of each are conq>ared, where of the same size ; for the 
present qwdes has at least twice as many plates and spines in the 
same space. The forms of the spines and pedicdlaric are somewhat 
different, though similar. The arrangement of the adambulacial 
and interactinal spines is nearly the same in both, when of nmilar 
size. The larger, lateral, qiatulate pedicellaris are more spatulate 
or lyrate and longer in daufsoni, but I have found, m the latter, none 
of ihem serrate or unguiculate, while in this some occur with three 
or four small interlocking apical teeth. 

This spedes is rematicable for its thick and enlarged dorsal 
[dates, which are united so dosely toge^er that the papular areas 
are mostly small. The small interpolated ossides are flat and angular. 
The marginal and interactinal plates are also unusually thick and 
convex. 

Yakutat, Alaska (Prof. W. R. Coe, Harriman Ejqwdition) ; 
Queen Charlotte Islands (Canadian Geolf^cal Survey, 1878) ; 
Departure Bay, British OAvanbiz, 18 fathoms (C. H. Young, Cana- 
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dian Gedogkal Survey) ; off Victoria, British CdumtMa, in 35 fath- 
oms (C. F. Newoombe, Prov. Mm. B. C). very large. 

ORTHASTERIAS BIORDINATA Verrill, sp. nov. 

Plate Lxm, fignm i, 2 (general of type) ; plate Lxxxn, figures a-ab (ipina 

and pedicellaiue). 

The two type-specimens are very madi alike and nearly of the 
same size. Kadii of the one figfured, 8 mm. and 8S mm.; ratio, 
1 : 1 1 ; radii of the otiier, 9 mm. and S5 mm. ; ratio, 1:9:5. 

Rays five, long, slender, very gndaaiiy tapered, raAer acute, well 
Txnmded above, and furnished widi three regular rows of wdl 
spaced, elongated spines, one to a plate, except near the ends of tlie 
rays, where there are five rows, and the spines are closer tt^rether. 
Iscdated spines also stand on the transverse ossicles, here and there. 
The dorsal spines are regularly clavate, evenly fiuted distally, with 
the tips obtusely rounded. 

They stand on elevations of stout, lobed plates. The median 
row is distinct, because the spines are about twice as many, though 
of about the same size and length. The center of the disk is occu- 
pied by a prominent five-lobed plate, bearing a sfim, and with five 
stout ossicles radiating out from its lobes, in line with the median 
rows of the rays, but connecting with five radial spme-bearing 
plates of the di^, which form a pentagon. 

Alternating with these, and a little brther away, are five larger 
interradial plates, each bearing a spine of larger size. 

The dorsa] pore is smalt and surrounded by minute pi^iillse. It lies 
between two lobes of the central plate and in an tnterradius next to 
that occu[Med by the madreporite, which is large, very round, and 
with fine gyri. 

The spines are surrounded by close wreaths of very small minor 
pedicellaria which are often suU>asaI, but frequently at mid-height, 
or distal, and then are attached to the edges of a sheath. 

The superomaiginals form a very r^;ular row, one to a plate, of 
rather longer and more slender fluted spines. Hie inferomarginal 
row is double, with two spines to a plate; these spines are dis- 
tinctly loi^r, more slender, and less davate than the dorsals, but 
fluted in the same way. Alternate superomarginals are spineless. 

The peractinab are smaller; on several rays they extend only on 
the proximal third of die ray ; on others to the distal fourth. 

The adambulacral ^ines are slender, r^ularly difdacanthid, 
widely diveigent, formii^ two remailcably r^ular pectinate rows. 
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tile inner one with tlie spines horizontal and meeting or interlocking 
over the middle of the groove in most places. 

The dorsal dermal major pedicellarijc are large, long, mostly 
compressed, with spatulate and denticulate valves; those between 
the marginal spines are larger, with oblong or ^tatulate valves, 
obtuse and dentate at the tips (see pL Lxxxii, figs. 2'ab). Cdors 
yellowish brown, the disk reddish brown. 

The type specimens are from Departure Bay, British ColumlMa 
(coll. C. M. Young, Canadian Geolt^cal Survey). 

This may be merely a variety of the young of O. columbiama, 
coming from the same distcict, but I have seen no intermediate 
specimens. The remarkable regularity of the adambulacral spines 
is a striking feature, as well as the r^folar spaced rows of dorsal 
and mai^ina] spines. 

ORTHASTERIAS CALIFORNICA Verrill, sp. nov. 
Plate ucvm, figure i (actmal tide of type) ; plate lxx, figure 5 (actinal side) ; 
I^te Lzxx, figares 3-30 (ipines and pedicellthB) ; pUte lxxjci, figures 
3-3ft (pediMllarue and ipinca) ; text-figure 3. 

Rays five, elongated, narrow, well rounded above, constricted at 
base. Disk small. Radii, 9 mm. and 86 mm. ; ratio, i : 9.5. 

Dorsal and marginal skeletal ossicles strong, arranged in rather 
irregular longitudinal rows, each of the dorsals and superomarginals 
bearing a single, rather elongated, stout, cylindric or little tapered, 
blunt spine. The spines are pretty evenly spaced, nearly equal and 
surrounded above the base (as dried) by a dense wreath of small, 
ovate minor pedicellariie. The abactinal spines form five indistinct 
rows proximally, but only three on the distal fourth of the rays. 
They are rematicably uniform in size and length. The median row 
is scarcely different from the others. Those on the disk are similar 
and regularly spaced. 

The superomaiginals form a single, regular row; they are like the 
dorsals, but rather longer. The inferomarginals are decidedly 
smaller and somewhat shorter. They stand mostly two to a plate; 
the upper one of Hie pair bears a half-wreath of minor pedicellaris. 
These spines are mostly flattened at the tips. On the proximal half 
of the rays there is a simple row of peractinal spines, similar to the 
adjacent marginals and close to them. 

Adambulacral spines are mostly two to a plate, rather long, very 
slender, flattened, larger toward tiie mouth. Eadi jaw has a terminal 
pair of short, notably stout, blunt, peroral qnnes, and a much longer 
pair of tapered epiorals. 
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Sessile major pedicellaris are lar^fe, erect The larger nearly 
equal to the spines in diameter, are sparsely scattered on the dorsal 
side and more frequently on the intermar^inal channels; some 
equally lai^ are also attached to the inner edges of the ambulacral 
grooves, and in some of the interradial areas below, but most of the 
axils bear groups of much smaller ones. The lai^r pedicellarix are 
aomewbat elongated wedge-shaped, with broad, spatulate jaws, 
strongly dentate or imguiculate at the wide tips. 

The madreporite is large, flat, fine-gratned, flush with the surface, 
with a few spines and large pedicellarix around it, but with no 
special bordering. Ocular or ^ical plates covered with many small 
spines. 

0£F San Francisco, probably in rather shallow water (Prof. W. E. 
Ritter). 

ORTHASTERIAS KCEHLERI (de Loriol). 
Plate Lxxv, figure! 3-3C (type, after de Loriol). 
Atttrias kahltri vt Loriol, Mem. Soc. Pbys. et d'Hiit Nat Genive, xxxn. 
No. ft p. 31, pL m <xnn), figi. 3-5, 1897. 

The type had the following characters : 

Rays 6ve, long, slender, well rounded dorsally. Radii, 10 mm. and 
97 mm.; ratio, 1:97. Dorsal spines numerous, long (2 mm. to 
2.5 mm.), slender, blunt, striated distally, arranged without order. 
Ventral spines [marginal and peractinal] form three regular rows; 
they are rather larger and longer than the dorsals. Adambulacral 
spines long and slender, mostly two to a plate, divergent. 

A few large, dermal, dorsal pedicellarise, some of them i mm. 
long; they are long-lanceolate, acute, dentate at the tip. Major 
pedicellarix of unequal sizes occur on the actinal side and on tiie 
edges of the ambulacral grooves. 

Saanich Inlet, Vancouver Idand (de Lori<d). 

ORTHASTERIAS DAWSONI VerriU, sp. nov. 

Plate xxm, figures i, a (^pe) ; ^ate txxv, figures a-ab (qrinea sad pedicel- 
Uriie) ; plate txxx, figures a, o-f (pedkellarue) ; plate uuexe, figures 
3-36 (spines and pediceUarise). 

Disk very small; rays five, slender, angular above when dry, 
gradually tapered. Radii of type, 10 mm. and 80 mm. ; ratios, i : 8. 

Dorsal spines in three regular radial rows, long, tapered, dituse, 
or subacute, standing singly on the plates. 
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Snperomarginal spines similar to dorsals, id a simple r^uUr row. 
Each attentate plate nsnally bears a lai^ spine. On the disk aboat 
fifteen similar ^ines fonii a circle around tbe center, a few s{Hnes 
standing within it. The circle is fonned by five pairs of tnterradial 
spines and five istriated radials. 

The stout dorsal ossicles are articulated transversdy and Imigi- 
tudinaUy, so as to leave large, squarish inter^iaces, carrying nomer- 
ous small fapaiat. Minor pedicellarise fonn dense wreattis arotmd all 
die dorsal and upper marginal spines at about mid-hetgfat 

Madreporic plate small, flat, with fine gyri. The upper mar^^nal 
plates are stout, with a broad, obtuse apophysis extending down to 
the lower marginals, but leaving triangular papular areas between, 
so that there is a wide naked lane between the upper and lower mar- 
ginals. A few very large major pedicellariae, with wide spatulatc 
blades, occur on this area. The lower marginal plates are also stout 
and prominent, each one usually bearing two prominent, subacute, 
diveigent spines, which are neariy as long as the upper ones, but 
much more slender and twice as numerous. Their large clusters of 
pedicellariae are mostly confined to thdr upper side. A less regular 
row of similar spines is borne on the small peractinal plates, each of 
which corre^Mjnds to about three adambulacrals. 

The adambolacral spines form two very regular rows of rather 
long, slender, sli^tly t^>ered spines, which are often flattened at 
tbe tips. Those of the inner row are a little shorter Haa the outer 
ones, and more acute. About four of the adambulacral plates cor- 
respond with one maiginal. There is a row of small pillar areas 
between the peractinals. A few small ovate pedicellarise sometimes 
occur on the adambulacral spines and in the grooves. The small 
actinal interradial areas bear groups of small, long-ovate major pedi- 
cdlarise of several uzes. 

The very large dermal major pedicellarix on the sides of the rays 
are not compressed, often nearly as stout as tbe adjacent sjnnes, and 
in a profile view the blades are broadly ^latulate with abruptly 
rounded ends, but not unguiculate nor distinctly serrulate, so far 
as observed. 

Ambulact&l grooves wide ; sudcer-feet large, {daced in four ngO' 
lar rows. 

Queen Charlotte Islands (Dr. G. M. Dawson, Canadian Geological 
Survey, 1875). 
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ORTHASTERIAS MERRIAMI VerriU, sp. nor. 

FUte xftn, fitnret 4, 5 (type) ; plite xuc, Ggnres t, a: pUtc ixxt, Sguret i-ttf 

(■piiiea uid pedicdItTue, No. 1181). 

A lat^ six-nyed species, with long, round, gradually tapered 

rays. Disk of moderate size. In the type-^xdmeo, from off 

Juneau, Alaska, the ladit are 17 mm. and iia mm.; ratio, about 

1:6.5. 

Dorsal ossicles broad, strong, convex, and firmly united, with 
small p^Milar spaces intervening; spines well spaced, oonqncuons, 
stout, but not very loog, cylindrical or a little tapered, obtuse. They 
stand singly on the ossides and are surrounded at base by large 
wreaths of pedicellaric They form an trrq;nlar radial row and 
two or three indistinct or imperfect rows eadi side of it, with 
smaller sfnnes interpolated. TYnt upper and lower mai^n»^ spines 
form equal regular rows, one s[Hne on eadi plate. Tliese spines are 
larger and longer than the dorsals, mostly conical and subacute ; those 
in the lower series are distinctly longer, e^>ecially near tiie base 
of the rays. Those in the upper row bear hu-ge, dense, complete 
wreaths of pedicellariae ; those in the lower row have diem <nily on 
the upper side. The two rows are separated by a naked channel 
whidi becomes wide {woximally and bears laige, orate major pedi- 
cellariae, clusters of minor pedtoellarije, and a row of papular pores. 
At the base of the rays are two dose rows of interactinal spines, 
similar to the lower marginals. Of these, tiie outer row is dose to 
the marginal, but with small intervening p^tnlar pores, and it 
extends nearly to the end of the niy. Its ossides are rounded, con- 
vex, and nearly as lat^ as the marginals. The inner row extends 
only about half the length of the ray. Many of the actinaj spines 
are flattened or acuminate at the tip ; others are obtuse. 

The adambulacral s[Hnes m the middle and distal plates stand one 
or two to a plate, altematii^ irregularly, but on the proximal fourtii 
of the ray they are mostly one to a i^ate. They are rather stout, 
sh^>ed like die acHnal spines, but smaller and shorter, varying in 
size, mostly obtuse, but the smaller ones often acute. Toward the 
mouth they become longer, more slender and subacute. The peroral 
spines are laige and strong and nearly meet over the mouth. The 
two apical peroral ^ines, which are much stouter than the adorals, 
but not so long, are straight, tapered, a little flattened, obtuse ; the 
smaller side-qtine is about half as long, but of the same shiqte; 
They bear small, ovate, forficulate pedicellariae. The epiorals and 
adorals are similar in form, distinctly longer than those farther out. 
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slender, terete, and evenly tapered. The adorsl carina consists of 
three pairs of dosdy contingent plates, besides the epiorals. Laige, 
ovate, major pedicellarix occilr between the interactinal sfuoes. 

The major pedicdiaric, between and above the marg;inal spines, 
are still larger, strongly compressed, ovate, obtase, not serrate. The 
minor pedicellaric not only form large wreaths around the middle of 
the dcM'sal and lateral sjnnes, hot also occur in clusters on the papu- 
lar areas. 

A smaller q>ecuiien (pi. xix, figs. 1, 2) was taken at nearly the 
same place as tibe type, and is now preserved in alcohol According 
to Dr. Coe's notes the color of this, in life, was nearly unifOTm deep 
yellow, but paler ochre-yellow on the back. Radii, 14 mm. and 
66 mm. ; ratio, about i : 4.7. The larger dorsal spines are in five 
irregular rows, with sonw smaller coes interpolated. Only a few of 
ibt proximal adambulacral plates are mooacanthJd. 

In alcohtri it has a r^id ^tpearance and is firm to the touch, owit% 
to the abundant flat dorsal ossicles. The principal sfmies are con- 
qiicuous above the general surface, blunt and sukated at ihe tips, bat 
are surrounded proximally by thick, fleshy sheaths. The wre^hs of 
minor pedicellarix, which are attached to the sheaths, are r^ular 
and dense, and with the papula; they entirely and closely cover tiie 
intervals between the spines. The larger ventral spines are conical, 
acute, and stand tn two very regular rows. A few smaller spines 
belong to a synactina] series. The ambulacral feet are large and 
have large suckers. 

This species is known only from a few specimens. One was taken 
off Juneau, in ao fathoms, June 6; another, in Glacier Bay, 10 
fathons, June 10, by the Harriman Expedition, 1899 (W. R. Coe). 
Another is from the Gulf of Georgia (No. 1181, Mus. Comp. Zool.). 
The species is dedicated to Dr. C. Hart Merriam. 

The only west American species having any marked resemblance 
to this, when adult, is 0. columbiana. The latter, however, is a five- 
rayed species, with the dorsal spines fewer, much loiter, and in more 
definite rows. Its marginal and actinal spines are also longer and 
more cylindrical, but they are arranged nearly in die same way. Its 
adambulacral spines are much more slender and form two r^;ular 
rows. Its major pedlcellariae are larger, stouter, and differently 
ahapcd. When very young this sptdes probably resembles Lept- 
asterias coH, or some of the allied spedes wtdi six rays, but would 
probably have fewer marginal and actinal spines. 
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Subgenus StylJUteriu Verrill, nov. 
Interactinal plates mdimentary or small, disk-like, standing edge- 
wise, and qnneless. See p. 48. 

ORTHASTERIAS FORRERI (de Loriol). 
Plate LET, figare i (dorsal tide) ; plate Lxn, fisam i, 2 (dorsal and actilMl 
atdca) ; plate lxx, fignre 7 (portion enlaiged) ; plate Lxxm, figorea i-itf 
(airiiKt and pedicellarue) ; plate lxxx, fignrei i-i« (pedicellarue, etc). 
Atteriat forrtri m Losjol, Notes pour Bcrrir a I'^de des Echinodennes, 
No. II, Recndl zoologicine Snitse, it, No. 3, June 23, p. 401. pL 18, fig. 
I, 1888L Jennings, Johns Ho^dns Untr. Orcular, Ho. t% p. 16, 1907 
(haUts, name not used) ; Untr. Calif. FnbL, Zo^, it, pp. S3->85< i9 text- 
fignrea, 1907 (bdwvior). 
A five-rayed species with kng, gradually tapered, convex rays, 
covered widi kmg, tapered, well spaced spines and with a multitude 
of remailcably large, unguiculate minor pedicellaric in large dr- 
cnm^nnal wreaths. 

The largest spedmen (No. 1833) has the radii 30 mm. and 
215 mm. ; ratio, i : ia75. Another from the same place has them 
II mm. and 116 mm.; ratio, 1 : 10.50. A third specimen (No. 1431) 
is intermediate in size. 

The dorsal spines stand mostly in three pretty r^;ular rows, oae 
to a i^e, but usually with an imperfect, more lateral row on each 
side [tfoximally. They are elmgated, up to 6 mm., tapered, terete, 
obtuse or subacute, nearly smooth, not fluted, sumranded basally by 
very broad, loose wreaths of notably large, sharply ui^niculate minor 
pediceOarise. The superomaiginal spines are similar, rather longer, 
one to a plate, in a regular row, ra^er low down on the side. 

The infercxnatgioals are still larger, up to 8 mm. on the laiger 
specimen, placed two to a {date, pretty near the adamtntlacrals. They 
are mostly obtuse, with the tips wider and flattened, or, in the case of 
the lower one, often gouge-shaped. There are no peractinal spines. 
The adambulacral spines are two to a plate, close together, form- 
ing two pretty regular close rows. They are slender, unequal ; the 
outer one is longer and larger, usually flattened and wider at the tip, 
and commonly gotige-sfaaped. 

The orals are shorter, decidedly stouter, flattened, sonewhat da- 
vate and blunt. 

The dorsal and lateral papular areas are large. In the narrow 
lane between the inf eromarginal and adambolacral spines there is a 
row of small papular areas; peractinal {dates small, flat, standing 
edgewise, seldom visible wtthoot deaning; easily seen from inside. 
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The major pedicellarue are large and of several forma. The 
larger dorsal mes are latge, stout, erect, wedge-shaped, blunt, with 
several small tenninal dentides on each valve. They are often as 
ttmk as tbt adjacent spines. Others are more slender, with spatulate 
valves, terminating in about three curved, interlocking teeth. The 
large marginal ones are very large, ovate, we<^e-shaped or hammer- 
head-shaped, with dentate valves. Those on the adambulacral 
bctfders and spines are few and smaller. The madreporite is rather 
large, with veiy fine gyri, without special bordering spines. 

Monterey Bay, California, Nos. 1823a, 1833& types; No. 1431, 
Alaska ? (Mut. Comp. ZooL). 

This species is easily distinguished from all those related to it by 
the unusually large and peculiar abundant mintH* pediceUarix, and 
from most large species by the small number of rows of dorsal 
spines. The alternate superanarginal plates are not sinndesft, as in 
several allied q>ecies. 

ORTHASTERIAS FORRERI FORaPULATA VerrilL 
Plate Lxn, fignm 2, 3 (dorsal and actinal of raj) ; pbtc lxx, figure 9; plate 

LxxxTOi, figurei 6, 6a (peiUcelUrte). 
A$ttrias (.Urasttrw) forcifntata Vmnx, Atner. Journ. Sd., xxnn, f. 6j. 

1909; Amer. Nataralitt, XLviii, p. 543, 1909^ 

Rays long and slender, gradually tapered ; length of ray, 325 mm. ; 
breadth, not including spines, 28 mm. ; disk small. Dorsal skeleton 
weak, with large papular areas nearly concealed by vast numbers of 
unusually large minor pedicellariz. 

The dorsal plates are small, three- or five-lobed (M- stellate, each 
of the larger ones usually bearing a rather long, tapered, subacute 
q>ine; these are well spaced and form about five irregular or indefi- 
nite rows. The spines are surrounded by wreaths of the large minor 
pedicellariae, but these also occur in larger dusters scattered over tiie 
integument between the spines. Large major pedicellarise are also 
scattered over the back ; these are stout, ovate-lueeolate, with obtuse 
tips, which are usually strongly denticulate. 

On the sides of the ray and separated from those above by a wide 
papular lane there is a row of small, mostly four-lobed superomar- 
ginals, usually bearing a sin^e long spine. They are connected to 
those above by weak transverse ossides in series, leaving large papu- 
lar areas between. The spines are rather loiter and larger than those 
of the dorsal surface. Between tiiese and the adambulacral spines 
there is a single row of stouter sfnne-bearing plates, the inferomar- 
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glials ; each corresponds to five or six aduntnilacrals. Most M tiKM 
bear two long, tapered sjhiks, usually Utuit and somewhat flattened or 
solcate at the tips, rather larger than the upper marginals, usually 
7 nnn. to 8 nun. long. Between their hoses there are often scattered 
lat^ and strong denticulate major pedicellarise, similar to those of tint 
back, bat mostly stouter and more obtuse ; with tiiese are some that 
are much smaller, lanceolate, and subacute. The large pedicellariac 
also occur on the naked lanes bdow, both on the papular areas and on 
the adambulacral plates. There are a few small, thin, synactinal 
ossicles cotmectii^ some inferomarginals to the adambulacrals, but 
not bearing spines. The adambulacral sfHnes form two r^utar close 
rows, two on each plate ; they are slender, tapered, mostly flattened, 
subacute, idxiat 5 mm. to 5.5 mm. long. The ambulacral pores are 
large and form four rows. 

The dorsal nunor pedicellarisc are reniaiiable for their great size 
and abundance ; in life they probaUy nearly conceal the whole upper 
surface and spines, and are borne on slender pedicels. Thdr Uades 
are strongly bent and very strongly dentate. They are much like 
those of O. forreri. 

Their jaws are slender, strongly arched, open widely and usually 
have thin, sharp, spatulate tips, tiiat look like sharp hooks, when 
seen in |M>^e. They are about i nun. in be^iht They are not very 
tailike those on I/. WfcN, but mudi larger. Odor (when dry), gray- 
ish brown above, dull yellow below. 

The type was from Departure Bay, British Grfnmtrit, 18 fathoms, 
gravel (C. H. Young, Canadian Geological Survey, September, 
1908). The disk was not sent to me. Five loose rays were received. 

Ahfaou^ this subspecies is somewhat allied to V. Hnckii, and re- 
aemUes it in fcMm and the arrangement of the dorsal spines, it differs 
widely in several characters. U. Hnckii has more numerous and 
laiger sacculated ^ines. It has large groups and wreaths of minor 
pedioellarise of unusually large size, but they are not half so large as 
in this qiecies and are hu- less abundant dorsally, the larger wreaths 
being on the lateral spines. They also differ in form. The large, 
denticulate major pedicellaris are also abundant on U. tinckO, dor- 
sally, laterally, and in the grooves (intra-ambulacral), but they are 
not half so large in this species. In ib.e former the adambulacral 
plates and sfunes are much less numerous and less crowded, so that 
only about four of the plates correspond to one inferomarginal, while 
in this q>ecies tliere are six <»- seven to one inferomarginal In 
V. hnckii each adambulacral, 00 the proodmal half or uKve of the 
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ny, usually bears a single acute s^xte, though on tiie distal part each 
bears two d iv erg ent spines, of wbidi the inner is much smaller ami 
shorter. But in the present qiedes there are two nearly equal, long, 
slender adamfaalacral spines to each plate prmdmally as well as 
distally. 

Another arctic ^)ecies ( U. pmcpta Stoxbo^)* from Spitzbergen, 
etc., has more resemUance, for it has few dorsal sptnes and abundant 
dorsal groups of minor pedlcellaric But these pedicdlaric are not 
of the same form and are mudi smaller, as also the major pediod- 
Uric Its ventral spines are much more numerous, longer and more 
slender. 

ORTHASTERIAS LEPTOLENA Verrill, sp. nov. 

Plate LXIT, fignrei i, u, a, as (ventral and dorsal ridea of Irpea) ; plate 

Lxxm, figures a, a-4 (pedicelUrue). 

The disk is small; the rays five, Img, slender, tapered, well 
rounded. The radii of the lai^er (No. i8a) are 7 mm. and 76 nun. ; 
ratics nearly i : 11. The smaller has radii of 4 mm. and 44 mm.; 
ratio, i: 11. 

The dorsal spines of the rays and disk are rather long and of 
nearly uniform size and length, numerous but not crowded, mostly 
one to a plate, and pretty uniformly distributed, nearly in quincunx, 
or in five indistinct, alternating rows on the rays, the median row not 
differing frcnn the rest. These spines are tapered, but obtuse and 
rough or subsulcate at the tips, which are often flattened. Between 
them there are lai^, denticulate dermal pedicdlariae, often about 
half as thick as the sinnes. Papular areas are large; the papube 
small and numerous. 

The supennnarginal spines form a single r^pilar row, one to all 
plates. They are similar to ttie dorsals in size and fona The infero- 
matginals form a very distinct double row, two to a pbAe, sepa- 
rated from the iq^r ones by a rather deep naked channel, with 
large papular pores. The inferomarginal spines are like the u[q>er 
ones in form, but a little longer and less tapered, obtuse. There are 
no spiniferous interactinal plates. The peractinal row is represented 
by a proximal row of small, narrow, spineless plates, five to ten in 
number, on the different rays, and joined closely to the adambulacrals. 
In die smaller specimen these actinal ossides are rudimentary or 
lacking. 

' See DSderldn, tgaa, p. 904, pL iv, fig. a ; pi. t. Sgi. i, a. 
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Adambulacral spines are irregulaily diplacanthid, smll, slender, 
terete or obtuse, about half as long as the infenHmrginab and 
scarcely one-tfaird as thick. The ooter ones are a Ihde longer and 
often slightly clavate ; the proximal ones become distinctly looger and 
more tapered. There is an unusually wide naked sptct between tlie 
adambulacral and the inferomarginal spines. 

Oral and epioral sfunes longer and distinctiy stouter. 

Renwrkably laige dermal major pedicellariae are sparingly scat- 
tered over the back and sides. They are mostly of two fcNms ; the 
larger are stout, erect, compressed, ovate, with a stout base, often 
nearly as thick as the adjacent s^nnes ; apex a little acuminate, obtuse. 
The others are about as long, but not so stout, compressed, con- 
tracted in the middle, with the blades a little spatnlate and dentate 
or nngaiculate at the tips. Much smaller, simple, lanceolate ones 
also occur. Thick wreaths of rather large muior pedicellariae sur- 
round the basal half of the dorsal and superomarginal spines ; on the 
inferomaiginal spines th^ form secund groups. 

The madreporite is rather prominent, with very fine gyri ; it is not 
surrounded by special spines. 

The color, as dried, is dark purplish or greenish brown above; pole 
ydlowish bdow ; madreporite pale lemoo-ydlow. 

The smaller specimen agrees well with the larger, except in having 
all the spines disproportionately smaller, and in laddng visibte per- 
actinal pUtes and large dorsal dermal pedicellarix; but similar ones 
occur beneath, oa the interradial areas. Minor pediccllarite form 
large wreaths on the dorsal sfioes. 

Two spedmens (Na 18) were dre<^ed in shallow water in 
Departure Bay, British Columbia, by Prof. John Macoim and party, 
of the Canadian Geological Survey, in 1909. 

These qtedmens are prdbMy both young, though the larger is 
nearly as large as the type of O. kaUtri, with whidi it i^pears 
nearly to agree in proportions. It may, possibly, be the young of 
0. Columbian^ which comes from the same district ; but the smallest 
undoubted specimens of titat species that I have seen have much 
stouter rays and nni^ larger and less numerous spines, thoi^ the 
rays are scarcely longer, and it has a row of ^iniferona peractinal 
plates. The large dermal dorsal pedicellarite are similar in the two 
forms, but relatively smaller and less stout in the young cotumbioHO. 
The minor pedicellaria are also smaller m the latter and form 
smaller wreaths on the dorsal spines. Therefore it Is more probaUe 
that they are distinct, though closely related species. It would 
certainly be unwise to unite them without intennediate forms. 
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ORTHASTERIAS GONOLENA VenriU, sp. nor. 

Fbte Lxm (doml Me) ; pbte umn, tgm i (actiml nde) ; phte un^ 

figure 3 <pOTtioii enterced) ; plate Lzxm, fifarci 3-3&, 4-40 <<ktaiU). 

Rays fire, of moderate length, ndwr stoot, somewhat angular. 
Disk small. Radii of the qiecimen figured, 8 mm. and 68 mm.; 
ratio, 1:8.5. Rxlii of a larger specimen, 13 mm. and 83 nun.; 
ratio, 1:64. 

Dorsal sfMnes rather loi^, t^)ered, obtuse, not nmch grooved or 
fluted, wdl spaced. Tbey form tiiree rows, quite regular in the 
smaller specimens, less so in the larger. The median row is distinct, 
having m«e regular and more numcrotis spines, though they are not 
longer. The q»nes stand singly on rather stout, alternate i^tes. 
They are surrounded in the dry specimens by a laige subbasal wreath 
of small ntincn- pedicellaric attached to the edge of a thick basal 
sheath. Pq)ular areas unequal ; some are vtrj small, others large, 
witii many small papule Sopenxnaiginal spines simUar to the dor- 
sals in size and form. They form a regular row, one to each alternate 
I^te. No intermaiginal qnoes; interactinal plates are sporadic, 
spindess, small, com[»essed, standing edgewise, scarcely visible 
unless deaned by potash. The integument is father thi^ 

The inferomarginal spines stand two to a [date, placed oblk]ueIy 
in two rows, dose to the adambulacrals, but vrith a row of small, 
stng^ papulx between. These spines are about as long as the supero- 
marg^nals, but not so stout, and they are deddedly flattened dis- 
tally. There is a wide, ooiiq>icnous intermarginal dumnd, in wfakli 
papular areas of small size alternate with the i^ates in a regular row. 
In diis lane or diannd are also scattered erect, stout, wedge-shaped 
pedicellarie of large size, often neaiiy as stout as the spines. The 
lane is crossed hy the long, stout, descending apophyses of the ta- 
perocnarginal plates, which meet and overlap) the ascending k>bes of 
the inferomarginals, without an intermediate ouide. The alternate 
spindess plates have equally large apof^yses. The dorsal connec- 
tive ossicles are stout, nearly as wide as the plates. 

The adambulacial spines stand obliquely, two to a i^te, erect in 
the type, nearly equal in length, the irmer ones more slender, all 
distinctly flattened and sometimes slightly grooved distally, except 
tiie adoral ones, whidi are longer, more slender, terete or nearly sa 

The dorsal dermal pedicellaric are few on die type, wedge-shaped. 
Some very large ones are found 00 the sides, as mentioned above, 
and some of the same form and equally large are sometimes found 
attadwd to the inner edge of die adambulactal groove, or to the bates 
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of At spines; these are usually denticnlate. Smaller short-ovate 
major pedicellarije occur on the interradial areas (see figures). 

Specimen described and figured is from c^ soathem California 
(I^ofessor Ritter, coll. Yale Museum). 

I have also studied specimens of this q>ecies in the Museum of 
GxnpaiatiTe ZotUogy from the Gulf of California (No. 1314), eight 
young, from 35 mm. to 75 mm. in diameter; La Paz (Na 121$), 
one small; Suita Cniz Island, California (No. I3I3), one; Santa 
Baihara, California (No. 1413), about 150 mm. in diameter; San 
Diego, California (No. 1835), one. 

This species differs from O. caHformco and O. Columbiana, bodi 
of which it resembles, in lacking peractinal sinnes. Its dorsal spines 
are not fluted like ^kmc of coltunbtana, nor do they have the stout, 
devated sheath canyii^ the pedicdlariK, present in that q>ecies; 
die hige wre^hs in tins are basal. The pedicellarie are alao dis- 
tinctive. The rays are more ai^ular and tlie ossicles stouter. 

Genus DJatohtttwiM Perrier. 
Ditlobuteriat iptrt) Pnutm, op. cit, i8g6, p. 34- TjV^. D. stiekamlha Stadeo, 
from JapuL See above, p. 47. 
Tbis genua, as restricted to the sttckoHtha grovtp, is closely related 
to Orthaitmas. It differs mainly in having no interactinal plates, 
visible externally, at least in our q>ecies, even after removal of the 
dennis by potash, though a rudiment may, perhaps, exist internally. 
Also in having more numerous rows of dorso-lateral plates and 
qtines, and in having the plates more closely joined, mostly by their 
own orerl^^Mng kbes, with only few small connective oasides. 
Thus the papular areas are small and numenms, with ptqntlc in 
small groups. Ibe snperomarginal and intermarginal lanes are 
narrow, eadi witili a regular row of small papular areas, with few 
p^wbe. The inferomarginal lane is very narrow, with the p^Mtbe 
standii^ singly or in pairs. Alternate superomarginals are not 
qaodess in our species. 

DISTOLASTERIAS CHEUFERA VerrOl, sp. nov. 
Pbte Lxxxt, figures i-tft (wmea and pediedlariK) ; plate cz, figure* t, a Itypt). 

A good dry q>ednMn c^ tins sptatx (No. 1346) has the radii 
iomm.andioomm.;ratio, i:ia A larger one, Na 19, from British 
Columbia, has the radii 16 mm. and 180 mm. ; ratio, 1:11.3. 

The five rays are \oog, slender, nearly terete, gradually tapered 
to unusually slender tips, with a small airical plate. 
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Dorsal spines are numenMii, pretty evenly distributed, and mostly 
stand singly, arranged apparently in quincunx ; or they nuglit be said 
to form nine altenuting rows, witti some intermediate. Dwsal 
median row distinct, but scarcely different in size. The dorsal ^nnes 
are racier short, £or a Distotatttrim, and often a little davate and 
deeply fluted near Ae obtuse tips. P^qyular areas are mostly rather 
large with few papule Minor pediceUariae are very small and form 
dense wreaths around the middle of the spines. 

Superomai^^inal spines are like the dorsals, but a little longer; 
they form a r^^ular row, one to a plate. Inferomarginals rather 
more slender, two to a plate, mostly flattened and slightly gouge- 
sh^ied at Hm truncate tips, and with large clusters of minor pedicd- 
larige. Adambulacrala two to a idate, nearly equal, in two equal, 
r^olar, diveigent rows, slender, not flattened. The proximals and 
cpiorals longer; apical onX pair of spines stouter. The peractinal 
{dates are small and spineless or laddng. 

In the lane between the adambutacral and inferomatginal spines 
there is a regular row of small papular areas, each having usually 
a single papula. A stmilar series exists between Ae inferomaiginalt 
and superomai^;inal8. 

Dorsal major pedicellarise are mostly large, elongated, sometimes 
neariy as stout as the spines, usually decumbent, with spatulate jaws 
stnmgly unguiculate with one to three curved denticles at Ae tip. 
Some are stouter, erect, more or less ovate. The denticles of the 
dorsal major pedicellarix are few, large curved and interlocking, 
sofoettmes only one fitting between two on the opposite valve; often 
two on each ; or two on one and three oo the other. Similar large 
(mes occur on the sides and on the actinal interradial areas ; tiiose of 
the latter areas are often more dongated and remarkably large. 

The adambulacral major pedicellerijc are more slender, lanceolate, 
•cute. 

The type is from Vancouver Isbnd (No. 1346, Mus. Comp. Zool.). 
The laiger spectmen (Na 19, Geological Survey oi Canada) is from 
British Columbia. 

This spedes is notaUe for its unusually numerous fluted dorsal 
spines and very large unguiculate pedicellariae. 

The larger dry ^>ecimen mentiooed above ^rees very wdl with 
die tjrpe, except in features due to its greater age. The dorso-lideral 
spines are more numerous and cannot be said to stand in any definite 
rows; thdr arrangement is in irr^ular quincunx, or in irr^iular 
oblique transverse aeries of about five on eadi side of the sU^idy 
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morepronuDentcarinals. The dorso-lateral plates ire openly steUate- 
reticnlate, with rather narrow coonective ossicles, leaving large angu- 
lar papular areas with many p^qnibe. Each plate bears one spine 
00 a raised central boss. 

Minor pedicellarije are very abundant between and around the 
bases of the sfnaes. Marginal and adambulacral spines are nearly 
as in tbt type. No peractinal plates are visible. The specimen is 
dry and varnished. It was stained daric purple to imitate the natural 
orior. 

Britidi Cohunbia (Geological Survey of Canada, No. 19). 

Genoa UrMterias VerriU. 

PUte LX3C fisnret i^ 
Untttriat Vmnx, Amer. Jouro. ScL, xxmi, p. 67, i909> Tjpe. U. Imckii 
(H.aiidT.). 

Large starfishes with a loose, openly reticulated dorsal skeleton, 
composed largely of slender ossicles, with few larger plates, mainly 
in the interradtal or genital areas. Dorsal sjunes large, mostly iso- 
lated on the plates; median radial row usually distinct; elsewhere 
Hiey are mostly scattered. Superomat^^inal spines elongated, mostly 
standing in single rows. No notaUe actinal plates nor spines. Adam- 
bulacral plates diplacanthid or subdiplacanthtd. 

Some details of die type are figured on pi. lxx, figs. 1-4. 

Genns Parasterias VerriU, axrr. See also p. 53. 

Tipe, P. olbtrtttuit Vf r. 

Dorsal and maiginal skeleton fairiy well devdoped, reticulated 

nearly as in tyfMcal Asterias. Interactinal plates laddng or nidi- 

mentary, not showing extenolly. Adambulacral plates dtf^acanthid. 

PARASTERIAS ALBERTENSIS VerriU, sp. nov. 
Flite Lvn, figures i, a; pUte lxx, fizure 6. 

A five-rayed spedes with rather depressed rays and <^>enly reticu- 
late structure, the dorsal ossicles being thin and weak, while the 
pqmlar areas are large and conipicuous. Dorsal spines are not 
numeroo*. very small, tapered, obtuse, not caiHtate, pretty evenly 
distributed on the ossicles, standii^ singly and not forming a con- 
spicuotis median row. 

Madrqwrite rather large, convex, fine^frained, not encircled t^ 
spines. Minute major pedicellaric, acute-ovate in fcMin, are 
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qMTfely Klttered on the papoltr areu. The distal dorsal fpines 
bare tiikk wreattis of mmor pedicdlari*. 

There are but two dtsttnct doable rows of lateral and ventral 
SfHnes. The upper one, wbidi appears to be the ttqwromaqrinal, 
usualfy has three spinet to a plate pnsdmally but only two distally ; 
the Bpint* are like the dorsals but slightly larger. The lower or 
infennaaiginal row bears two spines to a fJate^ regularly, the sinnes 
being like those above. This row of plates is sqtaiated from the 
adambnlacrals by a row of papular areas. 

The adambulacral plates have eadi two slender, divergent spines, 
whidi are tapered and subacute and carry numerous acute-lanceo- 
late major pedicellari« of moderate size; snnilar pediccllarite are 
abundant on &t intertadial areas and marginal channels. 

The radii arc 13 mm. and 54 mm. ; ratio, i : 4. 

Albert Bay, British Cdomlna (Miss Kate Foots, January,. 1887. 
Yale Museum). 

This apedes Uxia more like the typical qtedes of Asttrias of the 
North Atlantic than any other west-coast qiedes known to me. It 
resembles some varieties of A. mhtnx and A. forbtsi quite strongly, 
but the evenly reticulated arrangement of the dorsal plates and 
tpines and the absence of a larger median row give it a chancter- 
istic ^tpeannce. The lack of interactinal plates and spinet is di>- 

Genus Allasterias Verrill. 
Type. A. nMmi VerrilL 
AUatUriat Vduu, Amer. Jonrn. ScL, xxvm, p. 65, 1909. 

Distinguished by the arrangement of tiie adambulacral spines, in 
several series, of which one is deq>er wiAin the groove on alternate 
plates. Disk rather large, areolate. Dorsal osskles numerous, but 
small, arranged, both on the disk and rays, in a reticulate manner 
around the pi^Milar areas, which are numerous, and bear latge groups 
of small papule. Sfunes numerous, arranged irregulariy, or placed 
around the pqntlar areas, but usually forming a median radial series. 
Upper marginal i^ates rather large and stout, so as to form an 
angular mars^, bearing one or several spines larger than die dorsals. 
Lower marginals not close to the adambnlacrals, bearii^ in the type 
two or three spines, longer than the upper ones. Actinals rudi- 
mentary or laddng. A wide interroarginal channel, widi many for- 
ficnlate pedicdlaric 
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The amngement of die adut^Milicral spines ta pecolUr, for while 
the pbtes b^ afteroately two and tiiree spines, the inner spine of 
the ahernate plates is attached deep within the groore on a special 
lobe of the inner edge of the plate, while the two outer ones stand 
on the actinal end, nearly in line with the spiaes of the adjacent 
actinal [rfatea; thus thejr seem to fonn four or Bre rows. Jaw-f^tes 
bear two pairs of q>tcal oral spines, one above the other. 

The interradial areas, near the jaws, are without spines and in tin 
dry spedmens they are sunken in the fonn of pits. The position of 
tiie genital pores was not determined for lade of alcotx^ qtecimens. 

AIXASTERIAS RATHBUNI VerriU. 

Pbte Lxxvm, (igare 3 (deUib), vu. nortoitmsu. 

Attostrriat raPtbum Vnuu. (fart), Amer. Joum. ScL, xxno, p. 6s. liWh 

fig*. 5, 6, 7 (m YirietiM). 
Atltriat ntbetu T Mubdoch, Rep. InL Polar Expedition to Point Barrow, p. 
IS9> 1885 (tKHi IJtmi). 
Rays five, brood at base and rapidly t^>ering to acute tips. Radii, 
35 nun. and 100 mm. ; ratio, i : 4. Small major pedtcellarise are 
abundant all over the dorsal and lateral surfaces. 

Dorsal skeleton rather feeble, onnposed of a great number <A 
small ossicles, arranged in an openly reticulated manner, so that the 
texture is rather soft and flaccid, in akahoL The dorsal papular 
areas are numerous and coatain many small p^miIk. tKsk rather 
broad, but probably abnormally so in the dried spedmens, owing to 
the flattening when soft. 

The whole dorsal surface is consi^aiously aredate or reticulate, 
the aref^tioDS mostly 1.5 mm. to a mm. broad. The dorsal spines 
are very small and numerous, sometimes almost like round or o^- 
tate granules, being scarcely higher than thick, but in otiier examples 
davate or partly acute; they are scattered or arranged in single rows 
on all the oetides, so as to form a border around the p^mlar areas; 
toward the sides of the rays they are distinctly longer and mostly 
clavate or subacute. 

The superomarginal spines form a wide band of small, crowded 
^lines, five to ten or more on a plate. They an mostly larger and 
longer tiian the dorsals, and two or three times as long as thick, 
mostly c^drical or clavate, sometimes gouge-shaped. Below this 
band there Is a broad intermarginal diannd virith large papular areas 
and ntunerous rather large, pointed major pedtcdlariK. This dian- 
nd nqiidly widens at the bases of the rays. 
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The lower margioaU fonn a double row. mosdy two to a fiate', 
they are similar to the upper ones, but koger and mostly more 
clavate, often with slig^y gouge-«hq)ed tips. Between the upper 
and lower marginals, at the bases of the rays, a short intermdiate 
row of ossicles is sometimes interpoltfed, and defined by a row of 
nnall papular pores; their spines are like the lower mai^inals, and 
mostly stand singly. Synactinal ^ines are fauJdng; there is a wide, 
naked diannel between the adambulacrals and inferomaif^inals. 

The adambnlacral spines are peculiarly arranged, and look as if 
in four rows, in adult specimens. Each plate bears two spines, or 
ahematdy two and three; but on the alternate [dates, having tiiree 
spines, the inner sfune is set cm the inner edge of the plate, deep 
within the groove, while its outer q>ines are at the summit, nearly 
but not quite in line with the qnnes of the alternate plates. The 
outer of these spines are situated further bock, at tiie outer end of the 
plates. These ^ines are not very slender, either tapered or davate, 
mostly obtuse, as long as the matf;inal8 or IcHiger, and more slender. 
Many of the inner ones bear small, acute major pedicellariie ; the 
outer ones have a small chister of nunor pedicellarise. 

The afHcal jaw-plate bears an inner close pair of stout, tapered 
spines, low down within the mouth, and a similar upper pair at the 
upper margin ; both pairs bear several large major pedicdlariae. 

Major or forficulate pedicellariae are usually everywhere abundant, 
scattered over the surface, between the dorsal, marginal, and actinal 
spines, and especially on the lateral channels and interradial areas. 
The larger ones are compressed, rather large, lanceolate or acute- 
triangular, witii a sharp or acuminate apex. Those that are scat- 
tered on the dorsal surface are smaller, tmequal in size, but similar 
in form, though less acute. The larger and Icniger ones measure 
mostly about 1.00 mm. X o-33 nun. to 0.37 mm. ; the stouter ones, 
0.87 mm, X 0.37 mm. and 0.72 nun. X o-39 uun. 

Minor pedicellariaE, of very small ^c, are attached to many of the 
spines in small groups, and are also found scattered on the dorsal 
papular areas. 

The madrepoiic plate is large, convex, with numerous gyri 

Dedicated to Dr. Richard Rathbun of the U. S. National MoMum. 

The type specimens are from Maloska (Professor Kincaid). 

This qiccies is so different from any other known to me imm this 
r^on that no detailed comparisons seem necessary. Its finely 
and r^:ularly areolated surface, flaccid, reticulated dorsal skeleton, 
and small spines will serve to distinguish it at a glance. 
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The arrangement of the adambulacral ^ine» is so peculiar ttiat it 
should, even on that account alone, form the type of a genus. But it 
is also peculiar in the structure of the dorsal dceleton, the character 
of die mar^al ^ines, etc 

The (Mily other species known to me, besides the following four, 
described as having a similar arrangcfnent of a row of spines within 
the groove, is A. verticolor (Sladen), from off Kobe, Jiqian. In 
tiiat q>ecies the altemate plates bear only one spine, and the dorsal 
and lateral spines are larger, mudi less numerous, and differently 
arraiq^ It evidently belongs to the same genus. 

Besides A. vertict^or, there is another species, A. anmrensis Lut- 
ken, as Asteriat, from further north, on the Asiatic coast, and also 
recorded from Yokohama by Sladen, that must bear consideraUe 
resemblance to our species, though the dorsal and upper margioal 
sfMues are fewer and kxiger. Lntken, however, does not mention any 
such peculiar arrangement of the adambulacral epiaea as is found in 
this group. I have had no opportimity to study his species. 

A small K<H«an starfish, described by Sladen (18;^ p. 433), under 
the name of Asterias rvbem, var. migratum, probably belongs to this 
genus, and should be called AUasterias migrata, but its immaturity 
(greater radius of the larger specimen, 16 mm.) renders it impossible 
to detennine whether it be distinct from the other known species, 
until a series can be studied. 



ALLASTERIAS RATHBUNI NORTONENSIS Verrill. 

Plate Lxxvm, figure 2 (details of type) ; tcxt-figvres Not. 8, 9. 
Attatitriat ratUmm, var. nortoneiuis Viauu, op. dt, igog^ p. ti6, fig. y. 

Rays five, broad at base, depressed, acute. Radii of the type are 
22 mm. and 82 mm. ; ratio, i : ^A. 

The dorsal spines are numerous, pretty evenly spaced and scat- 
tered over the rays and disk on ttie openly reticulated, slender 
ossicles. They are partly blunt, cylindric, and partly davate, but not 
strongly so, rather longer than in the epical form. Papular areas 
are large, with many small papulie and scattered small dermal pedi- 
oellariae. Madreporic plate large and strongly convex. The dorsal 
spines bear but few minor pcdicellariae. Some larger acute major 
pedicellarijc occur among the spines. 

The adambulacral spines stand mostly two and three to a plate in 
alternation. The inner or furrow ^ines are elongated, tapered, sub- 
acute and often bear a duster of small maj<»' pedicellarite. The outer 



>y Google 



193 VBtULL 

ones we a little stouter and less acute, mostly not quite so long. 
They ustuUy bear a small g^oup of minor pedicdlarise on the outer 
side. 

The infercntai^pnal sfiaea mostly stand two or three to a plate, 
forming a pretty regular double row. They are much stouter than 
the adambulacrals and not quite so long ; many are a little flattened 
or pinched up at the tip, and often slightly gouge-shaped. 

The superomarginals are more numerous and shorter, of similar 
shapes. Near the disk they often stand four to six on a plate, 
crowdedly. There are no peractinal plates. Major pedicellarise are 
Dumeroua on the sides and actinal surface. The larger of these are 




. U. S. Nat. Ho*. Spina; . 



eloi^ted, acute or acuminate in profile, with the valves mostly 
narrow spatulate; some of them are dentate at the tips, with two or 
three curved teeth. The larger ones measure 0.67 mm. X 0.30 mm. ; 
a67 nun. X 0.37 mm. ; 0.65 mm. X 0.35 mm. ; o.$7 mm. X 0.23 mm. 
Many are smaller, short and thidc, sometimes as broad as ioag. 
These measure 0.50 mm. X 0-3o mm. ; 0.40 nun. X o^7 mm. ; 
a35 nun. X 0-4O mm. ; and smaller. 

The type, and the only specimen seen, was from Nortm Sound 
(coll. Murdodi, No. 7621, U. S. Nat. Mus.). This presents several 
rather strongly marked characters, which might be considered 
specific if persistent in a large series of specimens. But witii the 
small number of specimens available for study it seems better to 
consider it a subspecies at present. Very likely the species may prove 
to be a very variaUe one. The characters that seem most important 
are Hie smaller size and stouter form of the major pedkellaric, and 
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the different forms of the minor pedicellarite. The dwsal and mar- 
ginal spines are longer tfian in the tyfMCal form, and the papulae are 
more nomerous. 



AHmtttriai mUHHti 




ALLASTERIAS ANOMALA VerriD. 
Plate ux, figure a (type, acdiul nde) ; plate tx, figure 3 (type, dorsal) ; pbte 
Lxix, figure 5 (typd actinal X 5^) ; pUte lxxtd, figure i; plate Lxxvm, 
figures 3, 4 (pedicellarix and spinet). 
AVasttriat ralhbmni, var. oiKitfMbi Vcuill, op. cit, 1909, p. 66, figi. 5, 6. 

Rays five, broad at base, r^ularly tapered to rather acute tipa, and 
mailed oa the sides with a fringe of stqieromarginal spines. Radii 
of the type, 23 mm. and 87 mm. ; ratio, i : 3.8. Breadtfi of rays at 
base, 29 mm. 

The dorsal ossicles are slender and loosely reticulated, leaving 
large papular areas, with numerous p^Hilie. The dorsal sfHnes are 
short, smaU and ntunerous, not crowded, davate and capitate. They 
mostly stand isolated <ni the ossicles around the papular areas, often 
forming imperfect circles or polygons having twelve to twenty 
spines in the groups, so that tfiey present a somewhat reticulated 
arrangement. A median radial row is distinct, dne to the increased 
number of spines, not to their lai^r size. 

The madreporic i^te is large, round, and convex, without any 
qiedal spines around it. 

The superomai^inal ^ines form a consiHcuous mai^^al fringe, 
otriag to their numbers rather thm to their size. They are short, 
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stoat, enlarged distally, tmncate, and moMy grooved or gO(^;e- 
shaped at the end. They are mudi crowded and stand mostly five or 
■ix to a {date. 

The inferomarginals are siinilar m form, a little longer, and mostly 
stand two or tiiree to a plate, in oUique groups. There is a wdl 
mariced channel between these and ibt superomarginals, but no 
intennaiginal rows of sfrines. A similar r^ular dumnd separates 
tbe inferomai^inals frnn the adarobulacrals. These channels are 
both occupied by large papular areas, with clusters of small papnUe, 
and by rather large, acute major pediceUaric. 

The adambulacral spines stand mostly two and three to a plate, 
alternately, every other plate bearing a rather long, tapered, f urrow- 
qnne. Most of their other s^aes, on the actinal side, are stout, 
enlarged distally, and grooved or gouge-shaped on tfie outer side. 

The minor pedicellarir are few and very smaU. Tliey are entirely 
ladcii^ on most of the dorsal spines, and very few occur on the 
marginal spines. 

The major pedicellarix are frequent botti on the actinal and on the 
lateral areas, but not abundant They are few and scattered on tfie 
dorsal surface. The larger are compressed, acute-lanceolate, some 
more acote than others; the smaller ones are short-lanceolate or 
ovate. 

The jaws are elongated and rather compressed. The two upper 
apical spines are stout and bear small dusters of acute major pedi- 
cellarije ; the lower ones are much smaller, best, acute. There are 
two spaced pairs of stout epiorals. 

The type is from St Midiael, Alaska (L. M. Tomer, 1874-76, 
No. 3821, U. S. Nat Mas.). 

ALLASTERIAS FORFICULOSA Verrffl, sp. oov. 
Plate Lxxxm, figures i'Se (details) ; pUte ucxxir, figure i, »-k (pedicd- 

taric) ; text-figarea 10^ 11. 

AtttrtM amurtntit Ivis, Proc. Acad. Nat Sci., Pliilad., for 1891, p. 313, plate 

nn, figures 5-4 (moii Luttai). 

Rays five, rather short, wide at base, depressed, tapering rapidly, 

rather acute, bordered hy a fringe of superomarginal spines. Radii, 

30 mm. and 58 mm. ; ratio, about 1:3; breadth of rays at base, 

31 mm. 

The dorsal spines are well spaced, ratfaer scattered, bat on the 
sides of the rays forming pretty evident radial rows ; median row 
distinct but not prominent. They are short, stout, about twice as 
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hiC^ as thick, Riostl; cylindric or slightly davate, obtuse, but some 
are acute. They are mostly snrrounded by small wreaths of very 
small minor pedicellaric 

The dermal surface is notably smooth and even. The papular 
pores are very small, not very numerous. Very acute lanceolate 
nujor pediccllariK, of diverse sizes, abound on the surface. 

The superomat^final spines stand obliquely, mostly two or tiirce 
on a plate. They are longer than in the allied species, rather stout, 
much flattened, and often a little grooved on one side distally, but 
Bot thiclcencd as in ^. anomeia. 




The infer<Hnaif;inal q)ines are very similar in size and form ; they 
stand two to a plate, in a regular douUe row. A wide, smooth 
channel separates the two series of mai^^inal spines, and a similar 
dunnel separates the adambulacral series. These channels have 
nmneroas rather large, very acute, lanceolate pedicellarite, and 
many small papulae. The marginal spines all bear dusters of small 
minor pedicdlarise on the outer surface. 

The adamtralacral ^ines appear crowded, in about three rows. 
Tiiey mostly stand alternately, one and two to a plate. The inner or 
fnrrow series stand erect. They are long, slender, very acute, and 
bear clusters of major pedicellariK of diverse sizes, but mostly very 
acute. The outer spnes are shorter, stouter, obtuse, and mostly 
bear dtuters of very smaU minor pedicellarise on tiie outer tide. 
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Hie lai^er pedicellarise of tiie lateral chaimda {o-r) are very 
acute-lanctt^ate and compressed. The larger ones of the dorsal 
surface (o, c, d, f) aie stmilar in size and form, but some are stouter 
and less acute {b, h, k), and there are with them many of smaller 
sizes (•, /, /, m, »). The larger and longer ones measure 
I.OO mm^ X 0.33 mm.; ixx> mm. X o-37 mm.; the stoitter ones, 
0.87 mm. X 0.37 nmL ; 0.73 mm. X o-37 nun. 

The type was from Ja^tan, probably Sagami Bay (No. 1183, Mus. 
Comp. Zo%). 




AUaMtriiu forUcnleio VtrrllL No. iiB], U. C. Z. PcdkclUriia; *-k. nijor pedicellariB 
tram the dorul nt(*ce; »-r, tbc tawm from the >etlii*l intaradkl revlon (udlUr?), ud nat- 
(iiulluci. Xja. 

The Japanese species figured, but not described, by Ives (1891) 
appears to be either this or a very closely related qiedes of the same 
genus. It is very different from Lutken's species. 

This species, thou^ not known from the American side, is intro- 
duced here for cooqwrison with A. rathbimi, to which it is certainly 
pretty nearly allied. It has fewer adambulacral spines, larger and 
longer dorsals and marginals, and much more numerous, lai^er, 
and more acute major pedicellarix. It is, no doubt, related to AUas- 
lerias versicolor (Siaden), also from J^>an, as mentioned above. 

The latter has far less numerous dorsal spines, ^d the major pedi- 
cellariae are much stouter and less acute. 
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SobfamUy FYCNOPODnN^ 
Family Pyenopodida (.fort) Smirtm, op. dt, ifl6t, p. 961. 
FamUr Pyeuopoiidm FliHn, op. dt, igott, p. 136 (iritli Rathbtmatltr F.). 

TOA broad and flat, with Dumerons rays, increaamg with age by 
the tntcTpdattoo of new nys by badding in successive pairs bilater- 
ally, at least in the type. 

Dorsal skeleton feebly dereloped, the ossicles in part united (nly 
by tfiidc integument Spines few, scattered. Pedicellaric usually 
large and numerous, of two kinds. Adambulacral fiatea mostly 
monacanthid. Marginal plates distinct Interactinal plates small or 
lacking. Body-cavity without die areolar disoo-brachial partition, 
{tfesent in Heliasterinac 

Apairof gonads; a pair of retractor muscles; and a stotnadi-Iobe 
for eadi ray. Interbrachial septa feebly devdoped. Podia large, 
mosdy in four rows in adults, often biserial proximally and in young. 
Ambnlacral plates not much crowded, sometimeB partially alternate 
in rays that are bent laterally. 

Tliis subftunily indndes, among living species, only the genera 
Pyenopodia and Ratiibimaster, each with a single species. RathUnm- 
iuter califoniiciu Fisher is from o£F San Di^o, California, in 339 



Some fossil starfishes from the Devonian doaety lesemUe this 
group. 

Genus Pyenopodia Stimpson. 

Pytwpodio Snunow, PKc. Boston Socl Nat Hist, vnt, p. a6i, iSfit. Perrier, 

RMaioD, ArdL ZooL Expfr, iv, p. 353, t9f$. ViBuier, op. dt, vn, p. log, 

pL V, figs. II, 13, it^ (odontophore, etc). A. Agawix, North Ametkan 

Staifiibct, p. lOOk pL xtn, 1877 (itnictnre of skdeloii). Sladen, Voj. 

Cballeiiccr, xxx, pp. xxzix, s^ 830, tSSgi Ritter and Crodcer, Proc. 

Wash. Acad. Sd^ n, p> 247, plate* xnt, xiv, igoo (increase of ntiinber of 

nv*). toA, Pnbl Univ. Cilif., Phrsiol., i^ pp^ S-30, ISKH (experiments 

in hybridiiatiui). 

Disk large, covered with a thick, soft integument, in whidi are 

few, mostly detadied, elliptical ossicles, some of which bear slender 

iaoUted ^ines. Ousters of minor pedicellarise are also scattered 

over the surface, and in lai^ specimens there are usually many 

large, scattered major pedicellarise. Rays variable with age, up 

to twenty to twenty-four in the adult. Tfadr increase is by die inter- 

pohtion of new rays, tisually symmetrically in pairs, between the 

<dder ones. Superomarginal and inferomaiginal plates are ventral. 

Tfaey fonn two r^ular paralld rows, dose together, united by the 
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bnsod descending ^wpbyses of die upper plates, with lai^ inter- 
vening papular areas. The upper plates are large, deeply three-lobed; 
and usually bear a single huge ^ine. The lower plates ate ratlier 
smaller, less Btroof^y lobed, and usually bear two large divergent 
siMnes. Adambnlacrat i^atea are crowded, oUique, tMlobed distaUy, 
and each bears a single slender spine. Adoral carina is long, contain- 
ing twelve or more pairs of cootii^ent ossicles. Two large and two 
smaller peroral ^ines. Oral area large. 

This genus is peculiar to the west coast oi North America. It con- 
tains only a single species, which is one of the most common aad 
most characteristic littoral and shallow-water staifishea, from Puget 
Sound to Yakutat, Alaska. It lives annog steoes at and bdow 
low-tide mark. 

PYCNOPODIA HEUANTHOIDES (Brandt) StimpMn. 
Pbte xnx, figure i; plate xxx; ^atc xxxi, fignrcs i, a; piste Lxxnt, figure 
1; plate Lxxir, figares i-3a <TOiing), figure 6 (pedkellaite) ; pbte 
LJLXxnn, figares 7-7^ (detaSs) ; text-fignre No. 2 (pedicellarue). 
Ailtriat ktHamtkoii^ BaAMBi, Prod. Dcsc AniaL, licrtetu, p^ 7lt iSSS- 

Stimpson, Joura. Bolt Soc. Nat HitL, n, p. Sp, iSs7 (no deacriptiaB). 

Pyawfodia tuUmlkoidtt Summoii, Proc Bostoo Soc Nat HiA., vm, p. 

961, 1861. VerriU, Trans. Conn. AcaiL Sd, 1. pp. 334. jativ 39i 18G7 (no 

description). Pcrrier, Revision, Ardb. ZooL Expir., it. p. 353, 1895 (no 

description). A. A^niz, H. Amer. Starfishes, p. 100, i^ xm, 1877 

(itnictare). Whiteavet, Trans. Royal Soc Canada, tr, p. iKSv 1887 (dts- 

tributioa). Ritter and Crocker, Mnltiplication of Etays and Bflateral 

Symmetry, Proc Wash. Acad. Sd., n, pp. 247-374, fit. xiu, xir, figs, i-ix 

igoa Clark, Proc BoMod Soc Nat Hiat, xxix, p. jap (00 dcsct^tion). 

Disk broad and soft. Rays in the adult are usually from eighteen 

to twenty-four, most frequently an even number, but those with odd 

numbers arc not rare. I have seen them with fifteen, seventeen, 

nineteen and twenty-one rays. In the young the number varies f mn 

six to twelve or more. The increase is brought about by the buddit^ 

in of su«»s8ive pairs of new rays, in interradial angles situated 

symmetrically, as shown by Messrs. Ritter and Crodcer.* Somet i mes 

odd new rays atppttr in otlier places. (See also our pi. xxxi.) The 

radii in the rather small dry specimen figured ra our pi. xxix, are 

75 mm. and 183 mm. ; ratio, i : 242. 

The rays are rather slender and r^ftilarly tapered, covered dorsally 
by a soft skin, which bears, chiefly toward tfie ends of the lajrs, a few 
scattered, slender sfnnes attadied to slender, detached ossicles. On 

' Proc Wash. Acad. Sd^ n, p. 347, pi. xir, igoo. 
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Ibe disk some of Ae oniclea may unite into a feeble network. Thick 
dusters of minor pedioeUariae are also scattered over the dwsal mem- 
brane. In our larger specimens (see pi. xxx), there are also many 
large major pedicellariae scattered over the dorsal integument, but 
they are sometimes entirely laddng in young (nes, up to las mm. in 
diameter. They are compressed, long-ovate in outline, obtuse or sub- 
acute, not dentate, often exceeding the si»nes in diameter (text- 

The dorsal spines are sometimes partly short and obtuse, scarcely 
lof^:er than thidc; most are long and slmder, cylindrical or tapered, 
tmrely subdavate. They are often striated or grxioved at the tip, but 
more coatmooly are r^ular and subacute. They are more numerous 
on the distal port of the rays, where they become very slender and 
bear a thidc wreath of minor pedicellariae at about mid-hei^. 
Those on the disk have the wreath of pedicellarise around the base. 
The superomaiginal spines are similar to the dorsals, but a UtUe 
larger; they generally stand singly on alternate plates, and bear 
thidc wreaths of pedicdlaric. The inferomarginal si»nes are l(Miger 
and stouter, often slightly enlarged at both ends, and mostly flattened 
and obtuse or subdavate at the tip, two to a plate. 

The adambulacral plates are stron^y compressed; each bears a 
single, very slender, slightly tapered, terete spioe. Major pedicd- 
lariie of different sizes also occur on the adambulacral plates, with 
pedkds. Some of these are even larger tluut those on the dorsal 
surface. They are similar in form, but are often more oblong- 
ovate. The two apical peroral spines are stouter and much shorter 
than the adorals; the side-spine is short and stout. The epiorals are 
long and slender, tapered, longer than the adorals. The adoral 
spines are deddedly longer than those more distal. 

The ambulacral feet are in four r^^ular rows in half-grown and 
mature specimens, except proximally and distally, where they are 
nearly biserial. In quite small ones they are in two nearly r^;ular 
rows. 

The cdor, in life, is often bright red to reddish brown, but varies 
from yellow, orange, and carmine to violet. 

Three large specimens from Puget Sound (coll. Professor Kincaid, 
Mus. Comp. Zool., No. 1908) have seventeen, d^teen, and twen^ 
lays, respectivdy. One much smaller specimen, from the same place, 
has seventeen rays; and one about eight inches (aoo mm.) in 
diameter has dghteen rays. One about six inches (150 mm.) in 
diameter has only twdve rays. Thus the number of rays does not 
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depend very docdy on the size. Ot» of the largest of this lot has 
the radii 70 nnn. and 375 mm. Some yoang specimens, not more 
than 30 nmL in diameter, already have sixteen rays; while others, 
300 nun. in diameter, have no more. 

It is said, on good antfaori^, to become over four feet in diameter. 
In that case, it is probably the largeat ttaifiah known. The largest 
that I have seen are over two feet in diameter. Large specimens 
are bard to preserve, and for that reaaon are sddom collected. 

TERATOLOGY. 

The budding in of new rays does not always proceed in a r^^^lar 
bilateral manner by pairs. I have studied several yotmg specimens 
in vdiich, in addition to tite regular pairs, one or two new nyi had 
j^ipeared irregularly in different places. If coe odd ray ^ipears it 
gives rise to an odd total nnmb^ of rays ; for if the young start 
with MX rays and a pair of new rays appears each time, tiie final 
number must be even. One spedmen before me, figiit inches in 
diameter, has nineteen equal and regular rays, with a pair of small 
budding rays placed regularly. Sudi an individual may have had 
seven rays at first instead of six. In most cases the first pair of 
interpc^ted rays appears either side of a sin^e ray, with five rays 
on the other side. This indicates that the original number of rays 
in the young is normally six. But in the case just cited there are five 
posterior rays, as usual, while there are fourteen (seven pairs) in 
front, indicating that at first there may have been two front rays, or 
seven altogether. This may be the manner of origin of some tped- 
mens with odd numbers of rays. But I have seen no very young 
ones of this sort Should cne bud be suppressed, or two buds 
appear together on one side, in place of one, the final result would 
be the same. 

I have studied very young ones in which one bud is suppressed 
(see pL Lxxv, fig. i). One young example (i^. Lxxv, figs. 3, 3a) 
has the madreporite mudi larger than usual. It has an oblong disk 
and eighteen somewhat unequal rays. It looks as if about to divide 
autotomously. Its disk is 15 mm. by 13 mm. in diameter. Tbe 
arrangement of the rays and new buds in Hum spedmen is peculiar 
and anomalous. Three very small rays, nearly identical in ^ze and 
structure, are developii^; simuhaneoosly at tfiree platxs. Two of 
these are in the normal position, and separated by seven neariy 
equal rays. Then f oUow, on one side, two larger rays succeeded by 
a small, extra, l>uddil^; ray; on tbe other side no such bud appears. 
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Between fte extra bad and the nonoal one, on the other side, there 
are six normal, equal rays, making fifteen noimal rays, plus three 
budding ones. 

This arrangement does not conform to ai^ r^ular rule. The 
extra bod is not due to rei^acement of a lost ray, ior it originated 
like the others. Before it appeared, this end of the body must have 
had eight equal rays, which would have been abnormal, for five 
would be the rc^fular number. The interpcdation of the new extra 
bud may have been due to a tendenqr to resume an odd number of 
rays at this end, which is the usual condition. The arrangement 
may be formulated as follows, letting the figures represent normal 
rays and the letters budding rays. If the extra bud (fr) is simply 
adventitious, the arrangtment would be dius : 

334a56 78 

234a56'»78 

If die bud (fr) be for regulation purposes it would stand tfius : 

234a5678 

I 9. 

334a56b8 

In this case the bud would pair widi ray 7. But this would give this 
end of the starfi^ nine rays, instead of the nbnnal number, five. 
(See pi. Lxxv, figs. 3, 30.) ProbaUy autotomy would have taken 
place later, followed by a r^ulation process by which the usual 
number and amusement of rays would have been resumed in one 
or both parts. 

The budding in of rays in this species may continue till late in life. 
A specimen studied by me, nine inches in diameter, having nineteen 
folly developed rays, had a pair of small, equal budding rays in the 
normal position, except that there were fourteen rays on the budded 
side, instead of an odd number. There were five, as usual, on the 
ottier' side. 

A careful study of die living young of this species should be 
made, where it is abundant, to ascertain more fully its complete 
history during growth. 

In seme cases the ambnlacral plates are not strictly opposite, and 
may even appear to be alternate, when the ra]^ are stroa^^y bent 
sidewise, owing to their loose articulations. In a few cases the 
number of these plates is not the same on the two sides of the groove, 
for a short distance ; apparently due to the irregular inteipolatioo of 
an extra {date on one side only, here and there. When this occurs 
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die plates mutt beconw alternate, locally. This recalls the r^fular 
ftltematioD of these i^tes is many paleouMc fossil star6shes. 

llie species has an extensive ntnge, from Monterey and Tomalet 
Bay, California, to Dntcli Harbor and Yakotat, Alaska. According 
to Professor Ritter, it was very abundant at the latter place oa a 
rocky reef exposed at low tide, while the young were found adhering 
to Lammaria. It is also very abundant at Sidca and in Paget 
Sound. 

Gulf of Georgia (Whiteaves) ; Gulf of Singio and California 
(Perrier); Puget Sound and Tomales Bay (Stimpson) ; Port 
Townsend, Puget Sound, abundant (Clark). It occurs at low tide 
and in shallow water, on rocks. 

I have also examined specimens from near Monterey, California; 
Tomales Bay; Victoria; Puget Sound (Kincaid) ; Vancouver Island 
(Canadian Geological Survey) ; Queen Charlotte Islands, etc. 

It was collected by the Harriman Expedition at Sitka, Dutch 
Harbor, and Yakutat, Aladca. 

FamOy PEDICELLASTERIDM Perrier {fars). 
PtditttiatUriAm Slakit, ofL dt, 1839, p. 556. 

As adopted by Sladen, this family included only the genus Pedieel- 
loster. It was distinguished from Asteriidae only by the arrangement 
of the podia or " sudcer-feet " in two tows, instead of four. More 
recently Perrier has added the genus Gastrasttr, which has some of 
the podia in four rows. 

Genus Pedicellaiter. 

TjfC P. lytiau U. San. 

PtdktUaMUr VL Sass, Orertigt over Nona Edunod, p. 77, 1861. Sladen, 

op. dt, Asa p. 557- 
SmaU, delicate star6shes with a reticulated dorsal skeleten, bearing 
slender q)inules ; two rows of similar marginal spines. Adambulacral 
q^nes usually diplacantbid, rarely triplacanthid, or partially so. 
Minor pedicellariae on dermis, similar to those of Ltptasttrias, 
Major pedicellarise often lacking. Rays five or six ; sometimes eigfat. 

PEDICELLASTER TYPICUS M. Sars. 

PtdktlUuttr typieus M. Saks, op. dt., 1861, p. 77. pl- nc, figi. 9-17, pL x. figi. 
i-ia Daaielssen and Koren, Norike NordluiTS'Exped., Zool, Zi, Aster- 
o•de^ pp. 36^40, 18S4. Sladen, op. dt, iSBft p. 557. 
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PtiietUmsinr fatmoeryttoBtu Sujmx, Ann. and Htg- Nat Hist, mt. s, toL t, 
p. 216, iSSa Dimatn and SUden, Mem. Echtaod. Arctic Sea, W. of Green- 
lan^ P^ 34. (^ ii> fiB*> 3a-a6, 1881. 

A single small qKdmen of this delicate, five-rayed species (diam- 
eter, 16 mm.) occurred in a lot of other small starfishes sent by the 
National Museum, No. 6123. It was from the Arctic coast of Alaska, 
near Icy Cape, in 10 to 15 fathcMns, mud and sand (Smidi a^.)> 
throug:h W. H. DaU, 1874. 

This species is, therefore, drcumpolar. It has been takes off 
Greenland, Grinnell Land, Ca^ Fraser, Nova Zemt^ Beeren Island, 
ete., and extends southward to the Norw^^ coast and to the Gulf 
of St Lawrence. Its bathymetrical range is from 15 to 620 fathoms. 

Order 8PINUL0SA Perrier. 

SitlUndm SpmUcj^ Pnxm, Noav. Aich. Hoi. Hist Nat, n, p. 154. tSBi. 
Spimiiota PDram, 'ExfM- Trav. et Taliim., pp. tj, 138, 1894. 
Pkatmofonia and Cryplotoma {part) Slamk, Vojr. OiaU., xxx, p. xxiti, i8Bl>. 
Spmmlosa F^ann, op. cit, I9"fr> P> asi (taUe of kotnra faniUea). 

This order, established by Perrier, includes cryptozonate (rarely 
subplianerozonate) starfishes whidi usually have but two rows of 
ambulacral feet (four in Diphpterastrr) ; ambulacral plates not 
crowded ; and generally a reticulated or imbricated dorsal skeleton, 
but rarely, if ever, true paxilbe. The ossicles are sometimes isolated 
or vestigial in deep-sea genera. The pedicellariae are generally lack- 
ing. When present, diey are neitlier forcipulate nor forGcuIate. They 
may be pincer-like, with two or more simple valves, and are always 
derma]. The marginal plates are nearly always small, and sometimes 
indistinct. The lower ones are usually the larger. They never 
form a thidc, rigid mai^in; the margin may be acute or rounded. 
Pt^Hilse may occur both on the dorsal and on the actinal surfaces, 
but tbey are restricted to tlie dorsal sur£u:e in most families. 

The odontDphores are adambulacral of various forms. The ambu- 
lacral grooves are usually narrow. The ambulacral feet always have 
a terminal sudcer. The ambulacral ampullse may be single or 
double. 

Perhaps the structure of the pedtcellarijc is the most positive char- 
acter for separating certain genera of this group from some of tbe 
aberrant Forcipulosa. 

A large number of the genera do not have free-swimming larvx, 
but are known to cany their eggs and larvx attached about the 
mouth, or otiierwise, or in a marsupial pouch (gonocodium), until 
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tbey become true stufiabes, large enoi^ to care for thenudves.* 
This habit is otoally usodated with the lade of pedicellarue. It is 
conducive to the formation of local Tarietles. The order may be 
conveniently divided into two suborders: 
I. AVBLATA VerrilL 
n. VELATA Perrier. 

Submder ALVBLATA Verrill, nom. nor. 
This includes the more ^rpical forms in which there is no dorsal, 
tent-Uke marsiq)ial chamber for the protection of the eggs and young. 
The ^ines are either all free, or partially or wholly webbed together 
into groups, as in SdasteridK, in which the groaps of adambulacrsl 
spines form transverse ccnnbs conqdetdy wdibed tc^netber, and the 
dorsal spinules are partially so. 

It includes the following fomilies, represented on the Norttiwcst 
coast in shallow water: 

FamUy ECHINASTBRIDM. 

Family SOLASTERIDJE. 

Family MITHRODIIDM. 

FamUy ASTERINIDJE. 
Also the fdlowing extralimital or deqi-sea femilies, besides other 
smaller groups: 

GANERI1DJ£, Patagonian ; Antarctic 

ACANTHASTERIDM. Tropical; F!uiinik. 

PYTHONASTERIDM. Deep Sea. 

KORETHRASTERIDJE. Deep Sea. 

ilYXASTERIDM, Deep Sea. 

Suborder VELATA Perrier. 

This group includes only the family Pterasteridse. It is remark- 
able for having most of the spines webbed together in clusters and 
icit the remarkable development of a dorsal merabTwi^ more or 
less completely uniting the parapanllae together, forming a dorsal 
marsupial poudi or gonocodium in whidi the rg^ and young are 
carried. 

M. Perrier, in his later worics, has separated the Pterasteridc as 
an order (Velata). This may be overestimating the importance of 

' This U the cue willi the genera Hfnrieia, Sobuttr, Pttratttr, Hymtnatltr, 
and othcn. 
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the pecnliar cbaracters of the group. The Velata most, bowerer, be 
regarded as a hig^y specialized group, or saborder, differing in 
manjr reelects from all otiier starfishes. The Pytboaasterid» seem 
to me more neariy allied to Solasteridae. 

The family VaHrasteridc, referred to Spinulosa by Fisher, seems 
to me to belong rather to Valvuloaa, among the Phanerozona. It is 
not represented on the west coast 

Family ECHINASTERIDM VerriU (restricted). 

BeUMtlmda Vbdou. (/on). Trans. Coon. Acad. ScL, i, p. 343, 1867. Pef 
rier iport), RMt. StdL, Arch. ZooL tt, pp. ag^, 358; ifl^s. 

BtkMaHtntm Vicmn, Arch. Z06L Expir. «t Gin., nt, p. las, iStS (>tnic- 
tttre). 

Bekmattmdm Sujmx (.pan}. Voy. ChstL, xxx, Pl 535, 1889. Bell, CataL 
Edunod, pp. 33, gg, iSgcL Perrier, Ettrfki d« mer, Nimit. Arch. Mnt. 
Nat. HtfL, n, p. 164, 1884; Expt. Trar. et Taliim., pp. aS, 141, 1894. Lod- 
vii^ Fmna Arctka, i, p. 473, igoa Flihcr, op. cit, 1911b, p. ajS (analjt- 
kal table of known senen, p. asg). 

Dorsal alcelet<Hi usually formed of small, sometimes overlapping, 
reticulated or arcdated ossicles; sometimes they form kmgitudinal 
radial rows. Median dorsal row is often indistinct Upper mar- 
ginals small, often not qtedaliEed. Inferomarginals usually disttoct. 
One or more interactinal rows are usually present Dorsal and 
marginal spiacs may be large and isolated or minute and clustered, 
bat not truly paxillifbnn. Tbqr are often covered with a distinct, 
OMc, dermal membrane, whicb may contain calcareous granules. 

The ambulacra] ampulUe are usually single, one to each tube-foot. 

Ambulacra] grooves narrow. Adambulacial spines small, two or 
several to a plate, either in longitudinal or in transverse groups. No 
pedicellarije known. 

The most prominent genera are Echmasler and Henhcio, both of 
whidi occur oa the NorUtwestem coast 

Genus Pormiopda Perrier. 

PonmhpMt 'Paaam, op. cit., i8pi, p. 105, pL x, fifi. am, ab (trpe P- tehmattir 

Perrier). Fiaher, igio^ p. 56B; igiifr, p. a6a 
LaMiUia bk LoaiOL, 1904, p. 3a, jd. m, figs. i-i( (preoccupied). 
AUsandrasttr Linmno, 1905, p. aio^ fd. xv, figs. 79, 80: pl. xxxi, figs. 

181-183; pL xxxn, fig. 184. 
Ortmcmma oa Louol, op. dt., 1906, p. 7& 

Form is five-rayed, stdlate. Surface covered widi a thick skin. 
Abactinal ossicles sptnose, slender, formii^ an open reticolaticm with 
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wide papular areas and muneroas pitpaix. Papule laddng oa actinal 
side, present between marginals. Adandmlacral plates bear two 
spines; none in the farrow. PedicellariK onknown. Madrepcwite 
an independent plate, 

PORANIOPSIS INFLATA Fisher. 

AUjfmidnsltr imUmHu FUBtt, op. dt, 1906^ p. joa 

Poromoftis Mlata Fishes, 1911b, p. a6i, fi. lvui, fi|s. 7, 7a; pi. txm, fifs. t, 
a; pi. czu, fig. I. 

Fonn steOate, with five short, Qack, tapered rays. Radii of the 
type, 23 mm. and 60 mm.; ratio, 1:2.6. Dorsal q>ine« large, 3 mm. 
to 6 mm. high, acute, usually one at eadi angle of the large papular 
areas, formhig altogether about seven imperfect rows in the type, 
not including the tnferomarginals and tiiose usually present on the 
interactiiul plates. Adambulacral ^ines two to a plate, grooved, 
as are usually, also, the tnteractinal spines, when present The 
(dates and spines are covered with thick memtHane. 

Recorded by Fisher from seventeen localities, in a6 to 159 fathoms, 
from Oregon to San Diego, California. 

It was not in the ccdlections recdved from fartiier north. Dr. 
Fisher described anotiier form, from deeper water (334 to 600 
fathoms), as P. milato AtsSnlit Fisher. 

Genus EcUnaster Miiller and Troschel ; inchides OthUia Gray. 

Sitlhmo {port) Hasdo^ Okcn's Itii, p. 7ifi> iSM- Acusii, Prod., p. 191. iSSS. 
Btlmatttr ifart) MOub and Tkmcbil, Hooatiber., Berlin Wist. Akad, 

April, i&(0, p. los; Wief. Arch., 1840 (i»mi Gnj) i Sjrst Aster., p^ as. 

t&ta {font. 
Otktiia Cmxt, Ann. Mig. Nmt Hist., n, p^ sBi, Dec., 1840; Synopsu StmrfislKS, 

p, ta, 1866. Flsber, 19116, p. a6o. 
BckmoMttr Fnnsa, RMs. SlelL dn Hns.. Ardi, ZooL Expir., iv, p. 364, lE^S 

A. Agasdc, North Anser. Staifidws, pL 97, pL x, 1877 (ttmcttire of akde- 

too). Vignicr, Sqnetette StdL, ArdL ZixA. Exp^r., ni, p. 123, pL m, figs. 

j-7, 1878 (itnictnre of ikeletoa). Sladcn, Vcqr. ChalL, Zo5L, xxx, p. 553; 

l8B^ Perricr, Exp. Tnv. et Tsliua., p. ufi, 1894. 

Disk rather small Rays five, of moderate lei^th, rounded. 
Larger dcvsal and margiiul ossicles strong, lobate, convex in the 
middle, and having a central mammilla and pit for the attachment of 
the usually si^tary spine. The larger oasides are united into reticu- 
lations by small, rounded, connective ossicles, leaving large papular 
areas; these may be intermarginal and often, also, interactinal. 
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llie whole surface is covered in life with a rather thick, soft 
mtegmnent, containiiig small granules on the sptnei. Dorsal spines 
mostly isolated, sometimes in small groups, conical, acute. 

Ui^r and lower marginal plates small, not very distinct, with 
qnnes like the dorsals. Adambulscral spines in a small transverse 
TOW of two to four; the inner ones are smaller, inserted in the groove, 
JDst below the margin. 

The genus Otkilia Gray, December, 1841^ qipears to be a ano- 
nym of Echmasttr Mtiller and Troscbcl, April, 1840. The type of 
the latter was £. ^pitusus = Aittriat echmophora Lam., both hf 
virtual tautology and by designation. (See foot-note in Muller and 
Troschel, Syst. Ast., p. 32, 184s.) Echmatter of Gray, 181S6, is 
AcoHtkotttr of later writers, A. eehmopkora Lam. appears to be 
identical with A. apinon Retz., 1783, tiie ty^ of OihOia. The name 
tpmosus cannot be used for any q>ectes, because it was pteoccoiiied 
by A. tpinofa Miiller, 1777. 

Fisher (op. cit, 19116, p. a6o) separated OtkOia from Echimasttr 
because it has intermaiginal and sooietimes, aHao, actinal p^ntbe. Tbe 
type of Eekmaster and also £. jmfwr (Say) have interactinal 
papuim, as do the other American species. 

Echimutir of Fisher is profaaUy Rkopia Gray, but he does not 
give the type in his taUe. The type of the latter was R. seposUa of 
the Mediterranean. Althoi^ that was the first species mentioned 
under Echmotter by MtUler and Troschel, April, 1840, their later 
designation of E. spmonu, as tbe type, seems to settle tbe qnestiDn of 
the type of Echmasttr. 

ECHINASTER (OTHILIA) ROBUSTUS Verrill, sp. nor. 

IMdt rather large. Rays five, large, stout, rather short, obtuse. 
Radii, 15 mm. and 4a mm. ; ratio, i : 3.5. '£ht disk is flattened in 
drying and doubtless measures more than it would in life. 

The dorsal ^tnes are large, conical, acute; nearly equal, isolated 
and pretty regularly spaced, tbe distances between being about 
3 mm. to 4 mm.; height of Ae spines, 3 mm. to 3 mm. The p^Milar 
pores are numerous and have large angular or rounded papular 
areas between. The dorsal and upper marginal spines fcwm about 
seven rows, but they stand ncariy in quincunx, so that die rows are 
not very distinct 

On the actinal surface there is one row of ossicles bearing spines, 
the inferomarginals, in owtact with tbe adamtntlacrals. In this row, 
one, two, three, and sometiroes four, stand oo one plate. Sometimes 
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there is an additknal im p erfe ct interpolated row belov the supero- 
nuu^fiiials distally. The ventral spines are rattier smaller than the 
dorsals. 

The adambulacral spines mostly form a transverse group of three 
on the distal plates ; but proorimally often one and two on alternate 
jdates. The inner or farrow spine is mudi the smallest, and 
stands just within the margin; it is tiqiered, acute, and about half 
as long as the outer ones. The hitter are stouter and acute, but- 
smaller than the marginals. When three are present, the inter- 
mediate one is intermediate in size. The outer ones are somewhat 
webbed together at base. 

Interactinal plates and spines are absent. The inferomarginals arc 
united directly to the adambulacrals, the latter beti^ transversely 
oblcn^ at die sur£u:e. Two or three short, irregular rows of inter- 
marginal ossicles are interpolated between the upper and lower mar- 
ginals at the bases of die rays. The large spiniferous dorsal ossicles 
are thick, convex and lobnlated. The nnaller connective ossides 
are rounded and dlqrtical, thidc, or biscuit-shaped; and many of 
them have a naked, glistening, round, central area, covered with 
very uniform minute punctulations. Similar punctate ossicles occur 
on the lateral and ventral surfaces, between the spines. 

The two i^iical oral spines, and the pair of q>ioral spines, are about 
equal and similar to the adambulacrals, but not so Urge. The 
lateral adonU spines are small and strongly divei^rent. A few 
solitary papulae stand between the inferomarginal and adambulacral 
plates. Ambulacra! feet and pores are large. Madreporic plate 
small, prominent, with few rough gyri. 

The type is from Sodce, Vancouver Island (Canadian GecJogical 
Snrv^, 1893), received through Mr. J. P. Whiteaves. 

ECHINASTER TENUISPINUS Verrill. 
Ptste cni, figure a (type). 
Eehinatler ItnuUpintu Vimu., Traiu. Conn. Acad. Set., i, pp. 577, 594, 1867. 
Ires, ProcL Acad Nat Sd. PhibddtdiU. 188k), p. 171 ; List of EcUnod., 
CslMfwt of Stearns, p. U, 1891. Sladen, Voy. duSL, xxx, pp. 554, Sis. 
iSSsil ?? Clarif, Proc Boston Soc Nat. Hist, xxnt, p. 310, igoi. 

A large five-rayed q)ecies with long, tapering rays, swollen at 
base, btit becoming slender toward the tips. Radii, 14 nun. and 
91 mm. ; ratio, i : 6. This spedmea is one of the ordinal types. 

Dorsal spines unusually numerous for this genus, but mostly 
isolated, rather small, usually i mm. to 3 mm. Umg, slender, acute ; 



>y Google 



SHALLOW-WATEK STARFISHES 209 

they are scattered over the surface, s(»nwdiat in qamcunx, but in 
some parts seem to beloi^ to about twelve to sixteen rows. 

The dorsal ossicles are strong, deeply lobulate, and openly reticu- 
late, leaving many papular areas, with numerous small papulx. The 
madreporic plate ia this specimen is double, the two parts nearly 
equal, rounded, and a little separated, covered with small spinnles. 
The superomarginal plates are scarcely distinguishable from the 
dorsal ossicles, except distally ; they mostly bear one or two conical 
spines. The inferomarginals are a little larger, strongly lobed, and 
often bear two ^ines not distinctly larger than the dorsals. A row 
of small interactinal ossicles, part of them bearing small spines, is 
interpolated proximally. The adambulacral spines stand in a trans- 
verse row of three, or sometimes four, on each plate, besides a 
small, short one (rarely two) within the margin of the groove. They 
are subequal, round, a little tapered, blunt, and decidedly longer than 
the outer spines. The one next the mai^n of the groove is usually, 
but not always, the longest ; the outer one is the shortest. 

This species occurs commonly from Panama to Lower California. 
It is said to occur also at San Diego, California. 

The types were from La Paz, Gulf of California ; San Diego (Ives, 
1891); Bay of Pichilinque (Ives, 1889); Monterey, California 
(Ives, 1889). The latter is probably an error; it needs confinnation. 

Mr. Clark, op. ctt., 1901, mentions a ^>ecimen from Puget Sound, 
which he refers doubtfully to this species, as having the rays " lot^ 
(52 mm. to 63 mm.) and very slender, and though rough, they are 
not spiny." This must be a different species or genus if it has no 
obvious spines. 

Perhaps the locality label was errMieous, as was the case with 
several other species in the same collection. It was not to be found 
when I studied the collection, at Columbia University. 



Genus Henricia Gray. 

Htnrieia Guy, Ann. Mag. Nat Hist, vi, p. 184, November, 1840; Sjmopiu 
Slaifishn, p. 5, 1866. Bell, Ann. and Mag. Nat Hist, vi, p. 473, iSga; 
CataL British Echinod., p. 9s, 1893. Fisher, igtib, p. 366. 

Rhopia iport) Gm,y, op. dt, 1866, p. la. 

CribgUa Foois, Brit Surfiihes, p. 10% 1841, or December, 1840. 

EMmuitr (p^s) MOlld and Tioschil,' April, 1840; Syst Aster., p. 3% 
1843. 

Linckia Fnaas (imw Nardo), Mem. Wcm. Soc, vni, p. \aa, 1839^ 
»5 
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CribrtUa Fbuu, Brit Starfiihei (u Cr^tUa), 1841 (ww Agusix). I. 

Agutix itors), Frod^ in Uem. Soc Sci. Nat Nrachatd, I, p. 191. t835> 

Lutiben, GronL HchJnod, p. y^ i857- Noman, Ann. and Mag. Nat Hist. 

XT, p. 124, 1865- Vcnm, Proc Benton Soc Nat Hiit, x, p. 345, 1866. 

PcrricT, Rivii. Stell. Htu., Arch. ZooL Exp^., iv, p. 373, 1875. A. Agaauz, 

North Amer. Staifiihei, p. 113, pL xnn, 1S77 (Mnictnre of alnleton). 

Viguier, Squelctte dcs StelL, Arch. ZooL Expir., m, p. ia6, pL vn. 

figs. 8-15, 1878 (odontophore). Sladen, Voj. Chall., xxx, p. 540^ i88(». 

Perrier, Exp. Trav. et Taliitn., p. t43> 1804. Ladwig, Fanna Arctica, p. 

*3- 
Form usually neatly stellate with slender terete rays ; sometimes 
with short ra3rs. 

Dorsal ossicles small, convex, closely united or overlapping at the 
edges, and arrat^^ in a reticulated or areolated pattern, leavit^ 
small papular areas, carrying few, often ^ngle, papule, and not cov- 
ered wtA a thick int^ument Dorsal spines minute and nearly uni- 
form, crowded in divergent clusters on the convex ossicles, boA on 
the dorsal and lateral surfaces. Adambulacral spines in transverse, 
usually double rows, or in multiple clusters of small graded spines 
on the outer side of the plates ; the imier spine is compressed and 
inserted within the margin of the groove as a f urrow-^ine ; some- 
times two are present in the grooves.' 

Supenunarginals small, often indistinct and like the dorsals. 
Inferomarginal plates small, but distinct, often larger than the 
superomarginals, contingent with flie latter distally, but separated 
proximally by tme, two, or more rows of interpc^ted marginal 
ossicles, varying in number and extent, and thus causing great 
variations in the thtdcness and taper of the rays. Peractinals and 
inferomargioals similar and closely joined, convex, and covered with 
small spinules, the rows separated by papular pores; the papulx 
may occur also between the peractinals and adambulacrals. 

Pedicellariic have not been observed in any species. The eggs and 
young are carried under the oral region. 

The madreporite is generally covered with spinules like those on 
the other dorsal plates. 

The West Indian species, H. on/tl/arum (Perrier, as Cribrella), 
has six rays and two madreporites. It appears to be autotomous. 

* A new gentUi HEITBICIDSS, is now proposed for Henrieia htttractit Claric 
(op. cit, igog, p. 530, pi. xux, figs. 1, 3), from Australia. 

It has six or seven rays, multiple madreporites, and is probably autotomous. 
Dorsally it is like Henrieia. It has no furrow-spines ; the outer side of the 
adambulacral plates bears a marginal row or comb of five or six spines pro- 
jecting over the furrow, and back of these a group of divergent spines. 
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This ^enus differs frcm Eehmaster in the absence of thick external 
int^;unient; in the covering of minute spinules; and in tiie nearly 
oniform small ossicles of the dorsal and lateral skeleton, the con- 
nective ossicles being almost indistinguishable from the primaiy 
series. Theie are no large mammillate, spiniferous ossicles, nor any 
intennediate naked ones, above or below. The papular areas are 
much smaller and the papulae stand singly or in small groups. 

In tiie species that I have studied there is but one well developed 
row of interactinal plates, sometimes as laige as At inferomai^nals 
proximally, thou^ generally much smaller, and often bearing finer 
spines. This row of peractinals may extend merely to the middle of 
the ray, but it often disappears only close to the tip. Its ossicles are 
closely joined to the outer side of the adambniacrals, which they 
about equal in let^^, and consequently in number, but in some 
species diere are intervening papuhe. In some cases a second short 
row of synactinals is developed proximally, in large adult specimens. 
IIk adambulacral plates are transversely oblong. 

According to the accepted rules of priority it seems necessary 
to adopt Henricia instead of Cribrtlla as the name of this genus. 

The generic name Cribrello was proposed tentatively by Agassis 
(op. dt, p. 191, 1835), as a substitute for LuKkio Nardo (lus, 
1834), evidently beoiuse the latter had been previously used in 
botany. Agassis did not then actually use it as the name of the 
genus, but retained Lmckia, The species that he cited were 
L. variolata N., L. typus N., and L. franciscus N. These belong to 
the Ophidiasteridee, and to Linckia as now restricted. Therefore the 
generic name, Cribrello, if used at all, must be cmsidered as dating 
otdy from Forbes, who published it in 1841 (or December, 1840, at 
the earliest), spelling it "Cribella," evidently by a typographical 
error, and ^iplied it wrongly to the present genus. 

J. E. Gray, however, as shown by Bell,' had published a valid name, 
Henricia. for the genus at a slightly earlier date. (Op. dt., Novem- 
ber, 1840.) 

Therefore, if the monthly part of Forbes's woric, indading Cri- 
beUa, was published December i, 1840, as BeU states, the name Hen- 
ricia evidently has one month of priority and should be adopted. 
His woric, as a whc4e, is dated 1841. 

*0p. dt, Ti, p. ^3, iSga Bell there ttatea, on the authority of the pob- 
Ulhers, that Forfaea'a "British Starfishes " was potdished in six montbly 
ntdnbers, from October, tK^ to March, 1841. 
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Moreover, as used by Agassiz, 1835, it was a synonym of Lmckia, 
and if the Utter name be retained, it nnut be rejected on that 
account also. 

In die system of Agassis, 1S35, this genus would have been 
included under Stellonia Ag. ; together with Echinaster, Solaster, 
Heliaster, Asterias, etc. 

This genus is remarkably well represented on the North Pacific 
coast. Professor Fisher (igitb) has described numerous spedes 
and named varieties or subspecies from the Northwest coast, as wdl 
as various additional minor varietal forms, not named. 

The genus is a very difficult one and the number of forms on the 
Northwest coast is surprisingly great, as compared with those of tiie 
North Atlantic, where but one species is usually recc^nized 
(H. soHguiitolenta) , at least on the American side.' 

The latter, from our coast, though variable to a considerable extent 
in form and spinulation, presents no such extensive variations as it 
and other species show on the Rictfic side. I have personally 
examined more than ten thousand specimens of the Atlantic stm- 
guiitoUttta, from a great variety of localities, and at least several 
hundreds of the allied North Pacific forms, and can speak with confi- 
dence as to the far greater variations of the latter. 

To determine just how many of the North I^dfic forms are 
really " species," or even reliable subspecies or varieties, is not pos- 
sible, at present. Perhaps it never will be possible, tiioug^ mudi 
nearer approaches to the solution of the problem may be made here- 
after, aided by more studies of the forms in life, and by far more 
extensive collections. 

Professor Fisher thinks, as I have long believed, that many of 
the puzzling forms are mere hybrids between a few associated 
species. If so, some of the hybrids may, by isolation, etc., have 
fonned more or less fixed local varieties, or even real species, in 
modem times, while others may be, at present, mere sporadic w 
indtvidual cases. Much lai|;er colletAions, from wider areas, might 

'Many jeara ago <op. at., I^), I gave a full deacriptioB of H. ftctinata, 
a supposed second species from New England. Later I reduced it to a 
varietj of H. saitguinoltnta. Yet Dr. Fisher quotes it (1911b, p. 10) as a 
" nomen nndum." The same form occuri in Bering Sea. See below, and pL 
xux, figs. I, la. Another form (//. tschriciitii Miiller and Troacbel) was for- 
merly described (1843) from Greenland, bnt h has almost invariably been con- 
sidered, and as I beUere con-eclly, a sti^t variation of typical tmiguinoUnla. 
Dr. Fisher has applied the name to what I consider entirdy different forms, 
from the North Pacific. 
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well enable as to distinguish !{K>radic forms from mcve fixed races, 
even amoag hybrid forms. 

At present, we can only describe the apparently more important 
forms, as they occur in our collections. Where so many forms 
exist, it is not strange that each collection, of any great size, should 
give diverse results, even could the " personal equation " be 
eliminated. 

However, there are <%rtain leading forms in that faana that all 
investigators agree upon, as well established species. 

Dr. Fisher has also described and figured several very distinct 
species from the deeper water, that do not cMne within the bounds of 
this report, such as H. polyacantha, H. clarki, H. aUuHca, H. astlun- 
actis. 

Aside from those, he recognizes (pp. 267, 303) eig^t principal 
species and named varieties from the shallow waters. The large 
coUecticms that I have studied make it seem necessary to add to 
those, four or five additional forms, wor^y of names. 

Of the dozen or so of named forms, I believe that abotit five or six 
i<q»resent genuine qiedes, besides the four deep-water species men- 
tioned above. But most of the shallow-water forms frmn south of 
Pi^et Sound may be referred to H. Uviuscula, 

In a few cases my own determinations differ from those of Pro- 
fessor Fisher, especially in respect to the arctic forms ; but in the 
main I believe he has treated the forms very judiciously. His col- 
Iccti(«s from that coast were larger than mine. His descriptions 
are detailed and his illustrations numerous and excellent To duj^i- 
cate them would be superfluous. Therefore his work should be con- 
sulted by everyone interested in the group, and especially for the 
doubtful forms. The following details are, therefore, abbreviated 
in many cases. 

It is not improbable that some of the notable variations are mere 
individual variations of variable species, without any constancy. 
O^er variations may be due to seasonal changes to nutrition and 
rapidity of gtowHi. I am disposed to think that the marked differ- 
ences frequently noted in the roughness or thorny dmracter of the 
tips of the spinules of all the species may be due to changes in the 
r^idity of growth. Those that have the tips of the spinules spicu- 
lose or thorny may be growing, as to their spines at least, more 
rapidly than those individuals with more even or rounded tips, as in 
those of typical Irviuscula and var. lunula. Sudi differences of 
growth may be due to the abundance or scarcity of food, or to 
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seasonal changes in the temperature of the water, or to the partial 
suspension of growth during the breedii^ seascm, and the lack of 
nourishment in the case of the female, white incubating the eggs 
and young. Moreover, I have good reason to believe ^t in some 
species there may be mariced sexual differences, though my material 
is not sufficient to determine this with certain^. 

It is known that in many species the female, while carrying the 
eggs and young, under the mouth and oral part of the disk, ardies 
up the abactinal side of the disk to a considerable extent, and makes 
a central cavity beneath, in which the eggs are held. (See Fisher's 
figure, pL Lxvm, fig. i.) In some qwdes this seems to be only a 
temporary condition, disappearing at other periods. But in H. tamida 
v., of Alaska, it seems to have become a permanent condition, in an 
exaggerated form, for the oral region and mouth are deeply with- 
drawn and a number of the oral plates have become modified, to fit 
this condition. Whether all such individuals are females I do not 
know. The male may, perhaps, be quite different in form. 

Variations in the slendemess of the rays seem to be of little 
importance in this genus, unless of great extent The thidmess of 
the rays at base depends partly on the number of rows and extent 
of rows of the interactinal and intermarginal plates, but also upon 
the number and size of the abactinal ossicles. These are constantly 
increasing in number by the interpolation of new ones, and probaUy 
by the splittii^ up of the older and larger ones, while at the same 
time the smaller ones are growing larger. Where such large num- 
bers of ossicles exist, a slight change in the size or form of each will 
cause great chaises in the whole skeletal structure. 

That variations in growth, more or less periodically, may account 
for many apparent varieties, has been notably confirmed, ioe me, by 
finding certain specimens of H. sangmnolenta, with rays equal in 
size and length, but having the marginal and other ossicles and 
spinules as different, on some of the rays compared with others, as 
they usually are in different " varieties " of the spedes, not only in 
size, but also in the form and number of spinules upon them. The 
variations, as between adjacent rays, may be as much as fif^ per 
cent in the size of inferomarginal plates and number of their spinules. 
These are not cases of restorations after injury, which often also, 
cause peculiar abnormal variations. 

The habit of carrying the e^:8 and young till wdl developed, as in 
Leptasterias and Sokuter, is conducive to variations perpetuated by 
isolation of colonies, due to their slow rates of diffusion. The 
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remarks on this subject under Leptasterias will no doubt apply just 
as well to Henricia, for tiie young are carried in the same way. 
(See pp. ii6, 117, above.) 

Consequently, it b n<^ at all surprising tiiat numerous more or less 
localized varieties of Henricia should be found on the vast extent of 
coast-line from Puget Sound to the Arctic Ocean. The wonder 
rather is that any of the species or varieties should preserve their 
essential characters, as several of them do, over such extensive 
r^ons as the whole coast-line from Vancouver Island to the Aleutian 
Idands, for example, or even from California to Unalaska. 

HENRICIA LEVIUSCULA (Stin^son) Fisher. 

Plate xn, figures 5, 6; plate xm, figures i, a; plate Lxxxvm, figores i, la, 
a-ac (varieties). 

LtHckia Uvitutula Stucpsom, Journ. Boston Soc. Nat Hist, n, p. jag [p^ 8g], 
1857- 

Cribrtlh Itviuteitla Viuill, Trans. Cotm. Acad., i, p. 336^ 1S67. Sladen, Voj. 
Challencer, xxx, pp. 543, 806 (distribotioii only). Ives, Proc Acad. Nat. 
Sd. Philadelphia, 1889, p. 169 (distribadon oidjr). Oe Loriol, Mfm. Soc 
Phjs. Nat. Geneve, xxzn. No. g, p. 14, pL n, figs. 3-3c, 1897 (description 
on^). Garic, Proc Boston Soc Nat Hist, xxix, p. 337, igoi (varietiei). 

Htnricia Uviutc%la FIsheb, 1910, p. 570; igiifr, p. j&t, pL lxix, tg», i, a; |j. 
Lxx, figi. I, a; pL Lxxi, figs, a, 3; pL act, fig. 6. 

Rays five, long and terete, gradually tapered. Disk rather smalL 
Radii of an average dry specimen, 8 mm. and 42 mm. ; ratio, about 
1 : 5.25. Breadth of ray at base, 9 mm. A larger specimen has the 
radii 12 mm. and 75 mm.; ratio, 1:6.25. It grows much larger 
than this. One example from Alaska has the radii 15 mm. and 
85 mm. Many specimens have more slender raya, others have them 
stouter than those given. 

The dorsal ossicles are thick and pretty closely united in a fine- 
meshed reticulation, leaving very small papular spaces between 
them ; the papulae are mostly isolated in small specimens, but three to 
five t(^ether in large ones. The ossicles are convex, tmequal, 
rounded, elliptical, curved lunate, or short cordate. The convex 
spinulose surface is often crescent-shaped. The clusters of spinules 
are usually densely crowded, varying much in size and form, as do 
the ossicles; but the greater number in the typical variety are 
rounded, or short dliptical, with the longer axis transverse to the 
rays u- often oblique. 

The spinules are very small, short, nearly even, usually vrith 
minutely spinulose tips. The two marginal and the peractinal rows 
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of oftsida and spines are very distinct and regular, running parallel 
nearly to the base of the rays ; but the peractinals are rather smaller 
and slightly more numerons, so that not all are <^>po3ite die mar- 
ginals. The ossicles of the two marginal rows are opposite, the 
inferior ones a little larger and more rectangular. The spiniferons 
surface is broadly elliptical or squarish, bearing dense, broad ellipti- 
cal or quadrilateral clusters of spinules, shg^tly larger than the 
dorsals, and not much longer transversely than longitudinally. The 
clusters of spinules on the peractinal ossicles are rather smaller and 
more rounded, but distinct nearly to the tips of the ra3'3, where they 
become very small. The upper and lower marginal rows diverge 
rather abruptly, dose to the bases of tbe rays, and two or three very 
short rows of smaller ossicles are interpolated, making a small, 
sharply rhombic, interradial area. The madreporite is spinulose. 

The adambulacral ossicles bear a double or triple transverse group 
of about twelve to twenty, or even more, unequal spines, increasii^ 
in size and length from the exterior to the margins of the groove. 
The outer ones are very small, not larger than the peractinals ; the 
odd one on the margin of the groove is larger than any of the others ; 
within the groove there is a small and very short spine. 

The adoral and oral spines are small, and not unlike Hit other 
adambulacrals, but the perorals and epiorals are usually a trifle 
stouter than the rest. (See pi. xin, fig. 2.) 

In life the color is usually orange or orange-red, hut varies to a 
variety of other o>lors, induding dark red and purple. It is often 
mottled with red or brown on a ground-color of yellow, orat^e, drab, 
light brown, pink, or lavender. 

This spedes is common in shallow water and at low tide, irom 
Mooter^, California, to Yakutat, Alaska. 

I have examined specimens from San Luis Obispo Bay ; Monterey ; 
San Francisco; Tomales Bay; Victoria, Vancouver Island; Queen 
Charlotte Islands ; Sitka ; and many other places. It was taken by 
the Harriman Expedition at Sitka, Yakutat, Kadiak, Orca, etc. 
Formerly recorded from Puget Sound (Stimpson, Clark, etc.) ; Mar- 
mot Island (Ives, 1889) ; Vancouver Island (De Loritd) ; California, 
etc. Mr. Fisher (1911&) gives its range as from the Aleutian 
Islands to San Di^o, California, and from low tide to eighty 
fathoms, but most of his localities are south of Sitka, and in less 
than fiftv fathoms. 
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VARIATIONS. 



This species varies considerably in the proportions of the rays 
and disk, some !;>ecimens having very long and slender rays, with a 
small disk, while others have the rays shorter and more robust,' 
much as in ^. sangumolenta. There is, also, considerable Tariati<» 
in size and form of the dorsal ossicles, some of the specimens almost 
laddng the peculiar curved forms, characteristic of most The 
dorsal spinules, always numerous, vary in size, so that the degree to 
which they are crowded is variable. Commonly they are obtuse, or 
davate, but often they are acute, or have thorny or spiculose tips. 
The number and size of the adambulacral spines are also variable. 
But the species is usually easily recognized. 

Six-rayed specimens occur rarely on the California coast. 

Professor Fisher (op. dL, 191 ib, p. 283) mentions a dwarf lit- 
toral variety found at Monterey, California, which carried clusters of 
orange-colored eggs in January. The disk was arched, making the 
oral r^on concave, as usual in this genus when eggs or young are 
carried by the mother. 

The following eight varieties, from California to Sitka, are not 
regarded as subspecies by me, but rather as local varieties. 

HENRiaA LEVIUSCULA, Var. LEVIUSCULA (Stimpson). 
Plate xn, fisnre 51 plate xm, figdr« t, a. 

The spedmen in the U. S. National Museum, supposed to be 
Stimpson's tsrpe, is a small, slender-rayed spedmen in rather poor 
preservation. 

It belongs to the common variety having rather lai^, well-rounded 
dorsal pseudopaxillse, pretty dose together, and with small papular 
areas. The paxillary spinules are vtry short, even, and numerous. 

The two rows of marginals and the interactinal row of plates are 
very distjnct and pretty regular. 

The infennnarginals are the lat^^ and are squarish. The adam- 
bulacral spines are rather numerous ; the inner two to four are the 
laiger. 

'Prof. H. L. Clark (op. cit, p. 327, igoi) proposed varietal names based only 
on the relative length of the rajs and nze of the ditk. The stouter* and 
shorter-rajred form (radii about 1:3-3.5) he called var. crasta; the longer- 
nrcd form (radii aboni i:s-ti), var. attgnuata. But as all rrades of inter- 
mediate fonns occur, theae variations cannot be regarded as of mach 
aignilkance. Several other species of Ae gtaut, if not all, vary in the same 
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3l8 VEKULX. 

I have seen many specimens that agree wdU witb Stitnpson's t3rpkal 
form. They are peculiar mainly in having the larger dorsal oasicies, 
round or elliptical, and covered with compact cfosters of stout davate 
or obtuse spinelets, so crowded together as to give the groups an 
evenly convex form. They are peculiar, also, in having fewer and 
larger adambulacral spinet than in some other varieties. These stand 
in two transverse rows of about six to ei^t each, increasing from the 
outer to tiie furrow end of the i^te, but even the outer ones are as 
large as flie adjacent peractinal spines, while the mai^inal odd spine 
is relatively large and stout; the single spine within (tie groove is 
small and slender. 

Monterey, San Francisco, and other localities on the coast of 
California and northward to British ColtDntua. The three figures 
are all from one specimen, from Mcmterey. 

This seaaa to be a southern variety of the species. The increased 
thickness of the ossicles and spines may be due to the warmer climate, 
OT to a laiger amount of lime in the food. 

HENRICIA LEVIUSCULA, Var. LXJNULA Verrill, nov. 
FUte Lxxzvm, fignrei a-3c (detail*). 

This is one of the most c(»nmoo shore starfishes from California to 
middle Alaska. 

Rays five, variable in length and thickness, usually terete and 
regularly tapered. 

The marginal, interactinal, and adambulacral i^tes and spinules 
are essentially as in the typical leviuscula; and as in that form the 
marginals and interactinals form three very evident, regular, longi- 
tudinal rows of imbricated plates that are larger and wider than the 
rest, and covered with large numbers of spinules. 

The cnly notable feature for distincticm is found in tfie forms of 
tiie principal abactinal pseudopaxillse and ossicles. These, instead of 
being nearly round or broad elliptical, as in typical lewucula, are 
curved in a more or less crescent form with blunt cusps, or may be 
said to have an elongated renlform shape, partially surroundii^ and 
enclosing the pj^nllar pore on the concave side, which is adoral. 

Although this peculiarity appears to be of minor importance, it 
gives a special fades to the variety, easily recognized even by a 
superfidal examination. 

Large numbers of this form have been examined, from Vancouver 
Island, Queen Charlotte Islands, California, etc, and some frtnn 
Sitka and Dutch Harbor. The specimen affording the figures of the 
osncles was from Monterey, California. 
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This variety often intergrades with tli« typical fonn and 
with other varieties. It is, perhaps, the predcmiiiiant foim of the 
species, in shallow water, when well grown, but the original form, 
described by Dr. Stimpson, had roundish abactinal ossicles. 

In many cases the lot^r, lunulate ossicles show one or more 
Unes or grooves across them, apparently indicatiog a process of 
dividing into two or more shorter parts. Shotdd such a process occor 
extensively, it would convert an individual of this variety mto the 
typical form. This may, perhaps, occur periodically, or at the times 
of more rapid growth. 

HENRICIA LEVIUSCULA, Var. ATTENUATA (Clark). 

Cr^tUa Uviutenh, vmr. attenuola H. L. CLaix, Ptoc Boston, Soc Nat 
Hist., XXIX, p. 3^, igoi. 

Some specimens from Departure Bay, British Columbia, are 
remarkable for the slendemess of the rays. The most attenuated 
has the radii 7 mm. and 50 mm. ; ratio, 1:7. In another they are 
9 mm. and 54 mm. ; ratio, 1:6. In tlie former the breadth of the 
ray in the middle is 5 mm. ; in the latter it is 6 mm. These are, 
therefore, much more attenuated than the one named by Dr. Clark. 

The rays are terete and evenly tapered from close to the base. 
The dorsal pseudopaxilUe are roundish, pretty uniform in size, even, 
and crowdedly covered witfi minute spinules. 

The two marginal rows of plates are very evident, their plates 
are squarish, about equal in size to dorsal ones, and covered with 
similar spmules. One row of actinal plates, similar in size proxi- 
tnally, extends to the distal fourth of the ray; their spinules are a 
little loiter and coarser. Adambulacral spines are slender, ten to 
twelve to a plate ; the inner ones are lai^;er. 

The color is orange and orai^re-ied above ; yellow below. 

Departure Bay, Briti^ Columbia (C. H. Young, Geological Sur- 
vey of Canada) ; Puget Sound (Qaik) ; etc. 

HENRICIA LEVIUSCULA, var. INEQUALIS Verrill, nov. 
PUte LxxxTm, fifnret i, i& 

The type is rather lat^ge, with five long, r^ulariy tapered, mod- 
erately dender rays. The radii are 15 mm. and 83 mm. ; ratio, i : 5.5. 

The dorsal surface is closely covered with small parapaxUUe, mostly 
roundish or elliptical, sometimes sl^itly curved, and bearit^ numer- 
ous small, divergent, often stellate, very slender, partly davate. 
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loug^-tipped spinules, nrach like those of var. dyscrila. The papular 
pores are numerous and rather small ; the areas are mostly narrower 
tiian the plates. 

The two rows of marginal plates and the peractinal row, oa the 
proximal part of the ray, are r^ular and subequal, transversely doo- 
gated, much like those of var. levituci^ in form and size ; close to 
the base of the ray diere may be a few small subactinal plates, and 
two short rows of intermarginals. AH these plates are covered wiA 
slender, rough-tipped, divetgent spinules like those of the d<»^ 
side, but longer ; there may be fifty or sixty (Hi the larger marginal 
plates, of which about twenty-five are on the border. 

The adambulacral spines are the most charaderistic feature. They 
are all much larger and longer than in the tyjncal variety, mostly 
terete, slightly davate, obtuse. There are mostly but ten to twelve, 
paired in two rather r^;ular, divergent rows, the inner one or two 
only a little larger. Tbe rest are graded, but the outermost are more 
than twice as large as those of the mai^^inals. 

The type is from the Queen Charlotte Islands (coll. G. M. Dawson, 
Geok)gical Survey of Canada), received in exchange from J. F. 
Whiteaves (No. 5133, Yale Mus.), Others, very similar, are from 
o£F Victoria and Sitka. 

HENRICIA LEVIUSCULA SPICULIFERA (Oark). 

Pbte Lxxxvn, figures a-ab; pEate cvn, figure 3. 

Cribrtlta jpioiKfera Clue, Proc Boston Soc. Nat. Hist., xxix, p. jaflL 

pi. □, figs. I, a; pL IV, fig. i, igoi. 
Htnricia ttviuseulo nudlispina Ifars) Fishhb, op. dt., iQKV p. S7i; I9ii^> 

p. aS6, pis. Lxxn, Lxxm. 
Hfttricia spictUiftra FiSHDt, op. cit, 19116, p. 395 (copied from Clailc), 

The two type-sj>ecimens of this subspecies or variety, which were 
in the collections of Columbia University, have been examined by the 
writer. They were preserved in alcohol. Radii, in one example, 
about 14 mm. and 64 mm.; in the other, 15 mm. and 77 mm. 
Ratios, about as i : 5. The five rays are rather stout and swollen at 
base, tapered distally to rather slender tips. 

In these specimens, which were stHnewhat relaxed or flaccid in 
alcohol, the dorsal ossicles are not closely crowded, but seemed 
separated by intervening spaces, the visible portion being prominent. 
The papular areas appear rather large. The dorsal ossicles are 
small, and very unequal in size and fonn and show no definite 
arrangement in radial rows. Many of the larger ones are promi- 
mntly crescent-shaped, as exposed ; others are oblong or elliptical ; 
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the smaller ones are rounded or elliptical. All are crowdedly cov- 
ered with veiy numerous fine and slender, rather long, spicule-like, 
equal spinules. 

The upper and lower rows of marginal plates are easily recog- 
nizable, the lower ones larger. They are distinctly larger than the 
adjacent dorsals, but bear the same Idnd of slender spinules. They 
are transversely oblong-dliptical in form, becoming more quad- 
nu^fular distally, where the two rows are ontiguous and similar. 
Proximally they diveige strongly and are sqtarated at the base of 
titc lays by two or more short rows of Intermatginal plates, similar 
in form to the supramarginals, but rather smaller; of these, the 
middle row may extend to about the mid-length of the ray. 

A single row of smaller interactinal parapaxillae (sometimes 
double) intervenes between die lower marginals and adambulacnUs. 
They are somewhat quadrangular or roundish in form and extend 
neariy to die tips of the rays ; they bear fine spinules, like diose of the 
marginals. The papulae between the marginal and peractinal plates 
are rather large and mostly stand isolated. 

The adambulacral plates bear an unusually large number of 
spinules, often twenty-five to thirty or more. These spinules are 
lender, erect, and closely crowded, decreasing in size and length 
from the margin of the groove outwardly; the outer ones are 
similar in size to those of the adjacent interactinal plates. They 
mostly stand in three or four radial rows on each plate, while there 
may be six to nine in each transverse row. The two or tiiree standing 
at the matgin of the groove are distinctly larger than the rest; and 
next to these is a second oblique row, usually of three, that are 
smaller, but distinctly larger than the third row. The single furrow- 
spine is short, acute, and hardly reaches the margin. The adambu- 
lacral spines are all slender and not clavate. 

Adoral and epioral spines numerous, crowded, scarcely laiger 
than adjacent adambulacrals, and similar in form, seven to nine in 
each marginal series. 

The general appearance of this varied is similar to that of a 
stout-rayed H. teviuscula or sangvinolenta, but it is peculiar in hav- 
ing unusually laige numbers of crowded and slender adambulacral 
spines on each plate.* A latger series of specimens shows apparently 
tntermediate forms between this and Uviuscula. 

*Dt. Clark's diagramntatic fignre (pL tf, fig. i) reproenti them u much 
more regular and equal than thej actnallj are. The exterior onet are rep- 
resented as about as k»ig u die inner or marginal ooet, but thef are not 
half as kmg. 
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After a careful study of the type I cannot see any good reasons for 
considering jpictdiftra a real ^Kcies, distinct from ImtueWo. 
Some of tbe (Uffereoces are due to the somewhat flaccid condition of 
the akohc^c spectmens. Intermediate specimens are of freqnent 
occurrence in At same region. 

Paget Sound (Expedition of Columbia Umversity, 1896-7). 

Other good examples are from Kadiak, 5 fathoms, and Sidca 
(W. R. Coe, Harriman ExpedititMi). 

A spedmea similar to die above, in many respects, bas been sent 
to me by the U. S. National Museum. It was taken at Bering 
Island by Mr. N. Grebnitsky. It is the specimen ^fured (pi. cnt, 
fig. 3 ; and pi. Lxxzvn, figs. 2, 2a). 

I believe tiiat many of ihe intermediates are the same as spicuii- 
ftra, which has a decided resemblance to leviuscvla dorsally. The 
more arctic specimens may have had a different origin, and belong 
with a different species, more nearly related to songuinoUnia. The 
four specimens figured by Fisher are all from tbe Aleutian Islands 
and Kadiak, within the known range of Uviuscula. 

I should refer most of bis figured ^>ecinien8 to tpiaUifera, judging 
from the description and figures, which are very good. Perliaps 
it is merely the normal cold water form of lev^enia. 

HENRICIA LEVIUSCULA, Var. MULTISPINA Fisher. 

Henrieia mMlHr^mi FaBxm, op. dt, 1910^ p. 571; igiifr, p. 986 iPart) ; pi*- 
Lxxn and uixm ipofs). 

H. 1tH^ltispina Fisher, as Ggared, differs but sli^tly, and perhaps 
ought to be called the same as spicvlifera. Some of the differences 
given by Fisher, on his p. 297, do not hold good, being partly due 
to the different states of preservation. This applies particularly to 
the dorsal skeleton. The amusement of the adambulacral spines is 
essentially the same, but Clark's di^rammatic figure is misleading. 
Such differences as actually exist seem trivial and such as are notori- 
ously variable. 

The particular point which makes the full identity doubtful is the 
fact that some of Dr. Fisher's specimens of multiipina came from 
Bering Sea and Siberia, far north of the ordinary range of leviuscula. 
The type was from the Aleutian Islands. Hsher himself states, on 
pp. 388, 389, that large numbers of his spedmens bxmi the shore 
and very shallow water, south of the Aleutian Islands, at BristtJ 
Bay, Kadiak, etc., are intermediate between the type and Uvtuscula. 
However, I^. Fisher himself records UvnuctUa from Bering Sea. 
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I have seen no spedmeos of it from much north of the Aleutian 
Islands, which are usually considered its DOrthem limit 

I have studied spedmens frcm Bering Sea, which are, perhaps, of 
the same variety as some of those recorded by Fisher from the same 
r^(Mi. My arctic form, however, appears to be a variety of H. san- 
gimoletUa, which is much like ihe Atlantic variety pectinata. 

Professor Fisher gives the range of his madtispina as from Onsgoa 
to Bering Strait and Kuril Islands, and from low tide to 238 fath<»)s. 

This species or subspecies appears to be closely related to, and may 
be the same as Henrida densispina (Sladen, 1878, p. 432, pi. vnij 
figs. 5-9, as CribreUa), from the Straits of Korea, 40 fathoms. 

The latter also has two spines on fbt furrow margin and several 
graded pairs back of them, with very numerous, crowded, rough, 
thcHny spinules on the close marginal and dorsal plates ; p^mlar areas 
small, mosdy with isolated or few p^ulae. 

The Japanese species, figured, but not described, by Ives (op. at., 
1891, p. 212, pi. IX, ^i. 1-4) as CribreUa MngtmoUnta, is not that 
species. It belongs to the section of the genus faavii^ a pair of spines 
oa the furrow maigin, but it has fewer on the actinal surface. Its 
dorsal ossicles are narrow, very (^>enly reticulated, bearing spinules 
in about two rows, and surrounding unusually wide p^mlar areas. It 
may be caUed HENRICIA JAPONICA. 

HENRiaA LEVIUSCULA, var. DYSCRTTA Rsher 
(as a subspecies). 
Plate xn, figure 6. 
Hntrieia ttviuseiila dyscrita Fishes, op. dt, 1911b, p. aBft id. lxxit, figs. 
1-5. 
Form and general appearance intermediate between Uvaisculo and 
mulHspUta; abactinal ossicles smaller than in the latter, with similar, 
but fewer, delicate spinules and usually larger papular areas, larger 
than the pseudopaxillae. The abactinal spinules end in several deli- 
cate points. 

Adambulacral plates carry about fifteen spimdes ; two intra-fur- 
row spimdes occur, if at all, only near the tip of the ray. 

Dr. Fisher records this form from e^hteen localities in 21 to 80 
fathoms, from MtHiterey to Southern California. South of Mooter^ 
" it predominates everywhere over Uviuscula." 

Two specimens from Sitka (coll. Harriman Expedition) seem to 
agree closely with this form in all respects. (See pi. xn, 6g. 6.) 
Others are f rcnn British Cdumbia. 
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HENRiaA LEVIUSCULA, Var. ANNECTENS Fisher. 

Htnrieia Uvimsci^ amueUtu TuatM, 1910, p. 573; ipllA, p. a^i, pL ucz, 
fig. ad; pi. ucxi, Ggt. 1-3. 

Intermediate between leviuscula and aspera, but superficially 
more tike the latter. Abactinal skeleton less open than in the latter, 
with nnaller, deep, papular areas. Ridges between papulse divided 
into distinct pseudopaxillx, the larger with five to twenty short, 
stubby spinules. Marginal plates more compressed than in levius- 
ciila, wiUi OHnparatively few spinules. No intermarginals beyond 
first two or three maiffinals. Interactinals extend to one-half or 
two-thirds the length of the ray. Adambulacral plates bear ten to 
twelve spinules in two transverse rows and one furrow-spine deep in 
the groove, except near the tip of the ray, where there are two. 

Dr. Fisher records this lorm from Hiirteen localities in 2I to 73 
fothoms, from Washington and Or^;on to Santa Barbara, Cali- 
fornia. 

Specimens agreeing very closdy with it were in my collections 
from California. The above diagnosis is condensed from that of 
Dr. Fisher. 

HENRICIA LEVIUSCULA, Var. SPATULIFERA VerriU. 

Plate V, figure i; plate xw, toct-figore u (detail*). 

Henrieia tfoMiftra Vnuu, Amer. Nattmlist, xun, pp. 554, 555, fig. 6, tgoQ- 

The type of this peculiar variety is similar to an average well- 
grown robust specimen of lewucvla, var. Utitt^ in size and fonn, 
Radii, 13 mm. and 78 mm. ; ratio, i : 6. 

The chief pecuUaiity is in the armature of the adambulacral 
plates. These bear a crowded group of about e^t to twelve spin- 
ules, in two close rows, which are remarkably large and fiat, expand- 
ing distally to broad truncate tips, which are often gouge-shaped or 
grooved on (me side. They are so lai^ and crowded that they over- 
lap each other and the adjacent plates, making it difficult to count 
their number. 

The adoral and oral plates have the same sort of armature. This 
kind of spinules extends to the tips of the rays, die size gradually 
diminishing to minute spatulate forms near the tips, with the 
exception of a limited section in the middle of one ray, where the 
lai^e, flat spinules cease abruptly and tiie following twenty-five 
pairs of adambulacral plates all bear very small, short, slender 
spinules in a crowded group of about fifty or more, in about four 
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rows, twelve to fourteen each, all of nearly the aanie sire. They 
form dnsters, as numerons or more so, and of as small size, as those 
in var. spicviifera or tmdtispiina, and more uniform in size. After 
these twenty-five pairs of plates, those more distal suddenly resume 
the same spatulate form and arrangement as on the other rays. 

Probably these peculiar twenty-five plates had been injured, losing 
their spinules, and rq>lacing them with the minute kind, just as some 
starfishes will often replace a lost spine of large size, by a duster of 
granules. 

The fact that a lat^ number of unifiKm small, slender spinules 
may rq)lace a group of few large spatulate cmes, on the same ray, is, 
however, an important fact, showing that the character of the adam- 
bulacral spinules is not a matter of vital importance, and that it might 
easily vary Tooirt than it usually does, even in tiiis variable genus. 



Hnrieia Itwiaicula. nr. tfaluHftra VentU, t) 
lacral t^nci; t, penctbwU; m, m', lafeTomarfiiul 

The dorsal skeleton is cranposed largely of elliptical and some- 
what lunulate tiiickened ossicles, rather loosely arranged, leaving 
large papular pores, so that the surface appears rotter than in die 
more typical varieties. The dorsa) spinules are small, mostly davate, 
with thorny ends, much as in var. mtUtitpina. 

The rows of mar^ginal and penctinal jAates are not so regular nor 
so conspicuous as in most varieties. The inferomarginals are the 
largest, but not so lai^ as usual. The peractinals are much analler 
and roundish. 

The superomaiginals are small, but lai^er than the dorso-Iateral 
ones, and similar to the inferomarginals in form. There are two 
rows of intermarginals proximally, one being quite short. The 
spinules oa all these plates are numerous and very small, mudi as oo 
the dorsal side. 
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P^ular pores exist between all these rows, and prcadnuUy, also, 
between the peractinal and adambulacral rows. 

The type is from Monterey, California (coll. Robert E. C. 
Steams, Na 2238. Yale University Museum). I have examined 
other specimens from Sitka, Alaska (Harriman Expedition). 

Dr. Fisher records a speckoca from off Saota Cmz Island, Cali- 
fomia, in 30 to 41 fathoms (sta. 4431), and two spedmens from 
Monterey Bay shore, that may be identical witii this variety. He 
puts them under " variety E " as " freaks." 

HENRICIA SANGUINOLENTA (MiUIer) Belt 

Plate XLix, figures t, la (var. ftctiMolat, and figure 3; plate Lxxxnn, figaret 

3, 3», 4. 4« (varieties). 
Asttriat trngmmoUttta and A. ftrhua HOtUt, ZooL Din. Prod., 3836 and 

a839, pp. 334. 235. 1776- 
Attfriat ocuJalo Pkhmant, Brit ZooL, it, pL 61, pL xxx, fig. 56^ 1777. 
Atttrvu tpongiom Faxucius, Fanna GrocnL, p. 3!% t78a GmeHii, p. 3161, 

i;88. Desor, Proc Boaton Soc Nat HiiL, nt, p. 67, 184S. 
CribtUa rojta and C. aeiiata Stikpson, Proc Boatoo Soc. Hat Hist, n, 

p. gS, 1851. 
Lutkia ocuiata Foans, Uem. Wem. Soc, Tm, p. lao, pL m, fig. 5, 1839. 

Stunpson, Insert, of Giwid Hanan, p. 14. l8S3. 
Htnricia ocmlota Gray, Ann. and Hag. Nat Hilt, vi, p. 184, November, 1840; 

Synoptii, p. 5, 1SC6. 
IMtia ptrttua Stimpsoh, op. cit, p. 14. 1853. 
CHbtUa omiata Ftsus, Britith SUrfiihei, p. 100 (Ggore), 1841. 
CribreUa oevlata Perbieb, Stelljridei, io Ardu Zool. Expir., iv, p. 373, 1S75. 

Vigaier, Arch. Zool. Expir., m, p. laB, pL vn, figt. 8-15, i97&. Ltidwig, 

Echinod. Mittetin., MittheiL, Zool. Station Neapel, t, p. 545, 1879. Duncan 

and Sladen, op. dt, p. 32, pL n, figs. 18-31, 18S1, Lndwig, Zool Jahrb., 

p. 389, 1886. DanielHen and Koren, op. 4t, p. 34, 18S4. Sladen, op. dt, 

p. 543, 1889. 
Echinasttr oculatut MOuix and Tkoschkl, Syrt. Aiterid., pp. 34, 137, 1843. 

Duben and Koren, Kongl. Vetenik. Akad. Handltngar, p. 341, 1844. 
Bchmatttr lartU MOlus and Tioschel, Wiegmann's Ardi. Nat, x, p. 179^ 

1844. 
Echauuttr ttehriektH MOiUs and Tkiscbkl, op. dt, 1S43, p. 35. 
Bekuuuttr taHgumoltntiu M. Saks, Wiegniann'i Arch. Nat, x. p. 169, 1844 

(devdopment). Fauna litt Norveg., 1, p. c pL vm, figs. 3-6, 1846; 

Overiigt af Norgei Echinodenner, p. 84, 1861. 
CribreUa saHgmnolemla LOtekm, Grdnl. Echinod., p. 31, 1857. Verrill, Proc 

Boiton Soc Nat Hist, x, p. 345, 1861S. Dujardtn and Hup^ Hist Nat 

Zooph. Ecfainodennei, p. 349, i86a. Nonnan, Ann. and Mag. Nat Hist, 

Ser. 3, XV, p. 34, 1865. Verrill, R^ort Invert Anim. of Vineyard Sd., etc, 

in lat Annnal Rep. U. S. F^ah Com., pp. 407, ^a, 447, 496, 719, 1S73 (autb. 

ed., pp. 113, 435, etc, 1874). A. Agassiz, N. Ainer. Starfishes, p. 113, 
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pL xnn, 1877- Btuh, Proe. U. S. Nat Mni., p. 346, 18S3. Unrdocta, 
R^ort Intern. Bonodary ExpetL, p. IS9> 1885. Gan<»iK, Echinod. New. 
Bnnuwkk, Bull. Mat Hist Soc. New Bmni., vm, p. 35i pl i> fig- 9> 
1888. PfeSer, Jahr. Hamb. Wiu. As*., tSSf, 19. 69^ 88, 95, 1891X 
Fnrices, Froc Esaex Init, p. 6a, i8gi. ? Ive*, Proc. Acad. Nat Sd. 
Pbilade^liia, p. aia, pL ix, figi. 1-4, i8gt (Japan). VerriU, Aster. 
Joum. Sci, xux, p. 305, 1895 (distribnticm). Ludwis, Fauna Arctica, 
I, p. 473, igw (sTUonynij, etc). Bmndiorst Bergeni Mas. Aaibog, 1, 
p. aB, igoo. Haatermtn, Trau. Ro:ntl Sodetr of Edinburgh, xi, pp. 373- 
418, pli. i-T, 1903 (Abstract in Nature ixr, p. 551) (devdivment). 
Uortenaen, Echinod. from E. Greenland, p. 73, |d. n, fi^ j-g, igo3 
(varieties). Clark, Edunodemis of Woods Hole Rt^oa, op. dt., igo4, 
p. 555. P). m, figs- 10, U ; pi n, fig. aa. 
Eckinatfr tcrobieutato DAHixLsssir and Kokkh, Norske Nordhavsexped, 
Njt iiag. Natarridsk., zxTm, p, 3, pis, i, n, 1883 (young) ; Norwegian 
North Atlantic Ei^edition, Zool, Asteroidca, p. 40, pL vi, figs. 10, ti; 
I^ m, figs. u-M, 1884. Lndwig, Fauna Arctica, i, 476, 1900 (yoimg). 
Htnrieia imtguinoUnla Box, CataL Echinod., p. 95, 1893. Grieg, Bergens 
Uns. Aarbog, pp. 8, U, 1896. Scott, Proc Royal PhiL Soc Edinburgh, 
p. 189, 1897. lusher, i9ttfr, p. ^i, i^ ixr, figs, t, a; pL Lzn, figs. 1-5; 
lA. umn, fig. 3. Coe, Echinodennii of Connecticn^ p. 65, pL 1, figs. 1-3; 
^ XI, figs. 1-4, I9«- 
Disk of moderate size or small. Rays fire, evenly rounded in life, 
rather long and slender, varying to stouter forms of moderate 
length, ttsually evenly tapered to rather slender tips. 

The radii of a wdl grown typical New England specimen of 
average proportt<ms, are 14 mm. and 62 mm. ; ratio, about 1 : 4.5 ; 
in another, 13 nun. and 58 mm. ; ratio, atxHit i : 4.5. Many have 
shorter rays. Ambulacral grooves are narrow and deep, often nearly 
dosed up, so that their marginal spines interlodc. 

The dorsal and lateral skeleton is oHnposed of a great number of 
small, nearly equal, mostly rounded and elliptical ossicles, united 
endwise into a fine-meshed reticulated skeleton, showing no median 
row of larger ossicles. 

All the ossicles are covered with divergent dusters of small, 
slender, rough-tipped spinules, nearly uniform over the dorsal sur- 
face and sides of the rays, and 00 the disk. The papular areas, in 
the meshes, are small and usually bear but one to three papulx. 

The madreporic plate is small, with only a few rough gyri, and 
sometimes spinulose. The pseudo-anal pore is usually very distinct 
and guarded 1^ small incurved spinules. 

The superomai^al and inferomarginal ossides are similar in 
sice, and form two distinct rows low down toward the ventral side 
of the rays. Distally they are near tc^ether and paralld, dosely 
tmhed, leavii^ only a simple row of papular pores between them ; 
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but on the proximal part of the rays they graduaOy diverge and two 
or three short rows of mtermarginal ossicles are interpolated in tfie 
interradial angles. 

The marginal plates in both rows are a little convex and lobate. 
The outer surface is oblong-elltptical, or squarish with rounded 
ctnuers, united by apophyses. Their transverse diameter is often 
but little greater than the kw^tudinal one, distally, but they becooie 
more transversely elongated pnudmally. Their clusters of spines 
do not much exceed those of the dorsal and lateral ossicles, and 
therefore they are not so conspicuous as in H. Uvtuscuia and some 
otiier species. It often requires close examination to distinguish 
them from the adjacent clusters, but in other cases they are larger 
and more regular, and quite noticeable. 

The peractinal ossicles form a r^^ular row of small, rounded 
plates, (MM standing opposite each adambulacral and closely united 
to it and to Hie opposite inferomarginal. This row often disappears 
at about the middle of the ray, but may extend &rtber, sometimes 
nearly to the tip. The plates bear divergent clusters of spinules, 
usually smaller than those on the adjacent plates, but otherwise 
similar. 

The adambulacral plates mostly bear two transverse divei^ent 
series of small, unequal spines, usually standing in three or four or 
more pairs on tiie external surface of the plate, and r^ularly 
decreaang in size from the inner toward the external mes. The 
inner or ambulacral end of tiie plate bears two, rarely three, unpaired 
spines in a median row. The inner one, or furrow-spine, is attached 
deep within the furrow and usually projects horizontally. It is very 
slender and acute. The outer one is much larger and about twice as 
long, scarcely tapered, often compressed, blunt at the tip, and some- 
times bifid. It is rather larger than tiie two spines of the next 
adjacent pair. In some large specimens many of die larger adambu- 
lacral spines are slightly capitate or davate. Distally they often 
stand nearly all in one median row on each plate, but this does not 
often occur on the proximal plates. 

Color, in life, variable, most frequently bright orange-yellow or 
orange-red, sometimes pale lemon-yellow, not rarely purple. 

Mr. E. Desor (op. cit, in, 1848, p. 11) not only states that this 
species has the haiat of carrying tiie eggs, but adds that: "On 
removing the eggs from the mother's embrace, she was seen to 
move at once directly towards and clasp them again." 
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The structnre of the skeleton of this species has been beautifully 
illustrated t^ Mr. A. Agassiz (N. Amer. Starfishes, pi. xviii'), and 
in some particulars by V^ier (1878, pi. vii). 

The distribution of H. statguincUnta is oFCumpolar. It is known 
frc»n Greenland and the Arctic Ocean generally; on the coasts of 
northern Europe to Great Britain, Ireland, France, Biscay Bay, 
Spitzbergcn, Iceland, White Sea, Barents Sea, Kara Sea, Okhotsk 
Sea, etc. ; also off the Azores. On the northeastern American coast 
it is very common from Labrador to Long Island Sound, in shallow 
water (o to 60 fathoms). CcRnmon in the cold area south of 
Martha's Vineyard, in 10 to 60 &thoms. It is also found off Cape 
Hatteras and North Carolina in similar depths. Taken at more than 
four hundred stations between N. lat. 47" 39' and 35° jjff, by the 
U. S. Fish Commission. It occurs sparingly in the eastern part of 
Long Island Sound, at Fisher's Island, Gardiner's Island, and west- 
ward to Outer Island, near New Haven. Bathymetrical normal 
range is o to 500 fathoms. In the Bay of Fundy and on the coast 
of Maine it is common between tides. Off New Jersey, in 1350 
fathcMns (teste Sladen). Rare below 300 fathcmu off the Atiantic 
coast Faroe Channel, 125 to 555 fathoms (Sladen). 

On the northwest coast of America the typical form and varieties 
have been recorded from several localities in Berii^ Sea and Berii^ 
Strait and in the adjacent parts of the Arctic Ocean, as well as 
from farther south. It is probaUe, however, that many of the more 
southern shallow-water records refer to one of the other species, or 
to varieties of H. Imtucuta. I have not seen it in the cdlecticms 
from southeastern Alaska, and farther south, in shallow water. 

I have examined Pacific specimens from the £cdlowii^ places : Off 
Point Franklin, ten miles, in 13.5 fe^oms, sand, 1883 (Murdodi, 
U. S. Nat Mus,, No. 76231, variety, very large, dry) ; FopoS 
Strait (W. H. Dall, 1873, one dry, var. peetinato. No. ^I (924), 
U. S. Nat Mus.) ; Bering Island (N. Grebutsky, November, 1889^ 
U. S. Nat Mus.). 

Dr. Fisher (1911&) records it from thirty-seven stations in 30 to 
344 fathoms, from Bering Sea to the Kuril Islands ; and on the 
American side south to Washington (67 fatiioms, one specimen). 
Nearly all of his localities are in &e vicinity of the Aleutian Islands 
or farther north. 

Mr. Ives recorded it from Japan, but his figures aiq>ear to rq>resent 
a distinct q>ecie3. It differs in its much looser dorsal reticulations 

"Tlw nwrginal oHicles in hU figi. I and 4 are represented ac more regular 
and lymmetrical tlun thejr osually are in natnre. 
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and smaller ouicla, whicb bear small gnmp* of four to serea short, 
blunt spinules; in the smaller size of the toferomargiiial plates, and 
dieir longer and larger spinules; and especially in the fewer and 
unnsually large adandnUacral ^ines, with a pair of stout spines 
standing on the margin of the groove, on each plate. 

TERATOLOGY. 

On the New En^and coast I have collected several spedmens 
with six r^olar rays. One of these, frcnn off Salem, Masaa d rosetts, 
in shallow water, has tin rays unconanoaly slender and a vety small 
disk. Radii, 7 mm. and 31 mm.; ratio, about 1:4.5. '^^ dorsal 
psendcfHudllte are very small and bear mostly only two to f onr spia- 
ales which are slender, tiwmy and acute ; many have only a single 
^linule. The ossicles are small, slender, and fcmn a fine-roeshed 
netw(»k. 

The adambulacral spines are elongated and slender, acut^ about 
four or five in a nearly simple row. 

The marginals of both rows are small and scarcely different from 
the adjacent laterals and peractinals, but they torm pret^ r^ular 

Another specimen (Yale Mua., No. 5380), from Eas:4)ort, Maine 
(cc^. A. E. VerriU, 1870), is larger and of about the usual propor- 
tions ; radii, 13 mm. and 58 mm. ; ratio, about i : 4.5. The sptnula- 
tion is much finer than that of the typical form. The dorsal osncles 
are much smaller, and roundish, with small papular areas, approadi- 
ing those of var. mUiaris. 

A specimen of moderate size, from Alaska, has two madrepork 
[rfates, near together, both interradtal ; one is more coarsdy spinu- 
lated ; they are about equal in size. This q>ecimen is rather more 
coarsely spinulated than usual, dorsally, and the adambulacral spine* 
are larger, finer, and less unequal than usual. Both rows of maiginal 
qtines are unusually small, not larger than the dorso-lateral ones, and 
scarcely distinguishable; they have few spinules. 

HENRiaA SANGUINOLENTA, Var. PECTINAfTA VerriU. 

Plate xm, figira i> u (tTpe). 

CrSfrtUa pntuula Vmnx, Proc U. S. Nat. Htu., xm, p. 378, 181M- 

Htnricia MmgmnoUnta variety C, F^sbdi, op. dL, igiifr, p. 27a, pL Lxv, fig. a; 

irf. urn, figs. I, 3, 4, 5. 

Rays five, elongated, rounded, thick at bas^ taperii^ evenly to Ae 

small tips. Didc moderately swdlen, the lesser to the greater radn 
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of the type as 1:4^ The lesser radius of the type is 15 mm.; die 
greater radius, 66 mm. ; breadth of rays at base, 18 mm. ; diameter 
of madreporic plate, 3 mm. 

The whole dorsal surface and sides of the rays are evenly covered 
with small well spaced pseudopaxilbe, each of which bears a fascicle, 
or more rarely a comb-shaped group of four to ei|^ or more miall 
slender spinules, which stand nearly erect, and are nearly equal in 
length. The pseudopaxilbe arise from elevations of the plates and 
are so spaced as to leave intervals greater than their own diameters, 
thus giving the surface a roi^h papillose appearance; the pseudo- 
paxilhe are more closely arrai^ed on the center of the disk than on 
the rays. The madreporic plate is large and covered with rough 
spinules in comb-like groups. 

Each of the interspaces on the rays bears a single large papula, 
equal in diameter to or exceeding the pseud(q>axillae ; similar papulse 
ocaxT between die ventral plates, where they form r^ular longitu- 
dinal rows. On the actinal surface of the rays there are three regu- 
lar longitudinal series of plates corresp<Midtng in number to the 
adambulacral plates. The plates in the two outer or marginal rows 
are oblong at the summit, and each bears an oblong groiq> of slender 
paxillifoTm spinules, arranged in two rows, and similar to those of 
tiie back. The plates of the superomaiginal row are somewhat 
smaller than those of the inferomarginal, and the spinules are about 
twelve to fifteen in nundier toward the base of the rays, while in 
the latter there are from twenty to twenty-five spinules, which fonn 
pretty regular comb-like groups ; these extend to the tips of the rays. 
Each of the interspaces alternating between these rows of. plates 
contains a single large papula. Qosely adjacent to the adambulacral 
plates tiiere is a row of smaller peractinal plates, each of which bears 
a round group of small paxillif orm ^inules, ten to fifteen in number, 
similar in size and form to those of the marginal plates. This row 
of peractinal [dates extends from the angle of the jaw nearly to ifae 
tip of the ray. 

Each of the adambulacral plates bears a single small spine, situated 
deep wi&in and directly across the furrow, forming a single longi- 
tudinal series, and also a transverse group, consisting of eight to 
twelve round, blunt spinules, in two rows ; the three inner ones are 
decidedly Imger and larger than the rest, tiie innermost odd one 
being the largest of the three, and standii^ erect on the extreme 
inner angle of the [date, and therefore nearly at right angles to the 
small 8[«ne within die furrow. The outermost spinules of these groups 
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are similar in size to those of the adjacent peractinal pUtes, from 
which they are separated t^ a distinct ccmtinoous groove. The jaws 
are covered with numerotu erect spines, which are similar in size and 
form to those of the adambulacral plates, but the adambulacral plate 
nearest the mouth bears a group of small blunt spinules deep vrithin 
the furrow. 

Eastport, Maine, in shallow water, 1870 (coll. A. E. Verrfll), typt. 
Subsequently taken at several localities in the Bay of Fundy. 

This variety is similar to typical H. smtgninoUnta in form and 
general ^ipearance, though the dorsal sur&ce is more uneven and 
p^Hllose, owing to the larger size of the pseudopaxilbe and the more 
regular interspaces; the pseodopaxillac are generally more in tiie 
form of rounded fascicles in the latter, instead of r^ular comb-like 
groups. The differences are mudi m<He marked on the actinal sur- 
face, where the two r^;ular rows of larger marginal plates and the 
r^^ular row of peractinal plates give a very different appearance to 
this region ; for in the typical form these plates are often scarcely 
distinguishable in size, form, and spinulation irom Unse of the dorsal 
and lateral plates of the rays. The adambulacral and oral spines are 
also shorter and more crowded than in the common form. 

This form, which was formerly (1894) fully described, as a dis- 
tinct species, is of rather rare and sporadic occurrence on our coast, so 
far as known. It may be considered as a vigorous arctic or boreal 
variation of the species, due, perhaps, to unusually favorable condi- 
tions of climate and food. As I have now seen many spedmens inter- 
mediate between this and the more usual fwms of the species, it seems 
necessary to reduce it to the rank of a variety or sub^>ecies. 

This subspecies, like most others of the genus, is very variable in 
the character of the ossicles and spinules, as wdl as in color. The 
more common colors are either orange or purple, rarely lemon- 
ydlow. 

The type specimens of the variety were from Eastport, Maine. 
A very small specimen has been received from Popof Strait 
(W. H. Dall, U. S. Nat. Mus.). Some of those described hy Fisher 
j4>pear to be the same variety, especially his variety C. Some of ttie 
latter were very large ; radii, 32 mm. and 235 mm. ; or about nineteen 
inches in diameter. His variety C was taken at eleven stations in 
Bering Sea and near the Aleutian Islands, in 41 to 344 fathoms. 
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HENRICIA SANGUINOLENTA, Var. RUDIS VerriU, nov. 
Plate Lxxzvi, figurea s, S" (details). 

Rays five, larg«, thick, tapered to small tips. Disk lai^, swoUen. 
Radii of the type, 22 nun. and 80 mm.; ratio, i :3.i4; breadth of rays 
at base, 35 mm. to 30 mm. 

Dorsal surface covered with a multitude of very small, distinct 
parapaxiUx, forming a dose reticulation, in which the small papular 
pores are mostiy placed singly. The lai^r parapaxillse bear a com- 
pact duster of about five or six slender, tapered, acute, rough and 
rather long spinules ; many of the smaller ones have three or four 
spinules. These give the surface a findy sptnulose but rough 
appearance. There may be six to eight pseudopaxilke to a square 
millimeter. 

The adambulacral armature consists of a single «* partially double 
transverse row, mostly of spatulate spinules. There are five to seven 
larger spinules in each group, and two or three outer ones that are 
much smaller, slender, and not flattened. The odd one on the inner 
ai^le, which is the la^;est one, is stout, wide at the truncate and 
grooved tip ; up to 3.3 mm. long ; the rest decrease gradually in size 
and amount of distal expansion to the most external cxies. Adoral 
and oral spines are similar in size and form. The furrow-spine is 
single, small and slender. 

The two rows of marginal pseudopaxillse are small and scarcdy 
distii^uishable in the crowd of adjacent ones, all of whidi are spinu- 
lated like the dorsals. The inferomarginals are a litUe larger tiian 
the others and somewhat transversely elongated, bearing a trans- 
verse and slightly pectinate two-rowed group of slender spinules, 
about eight to twdve <m the laiger plates. The superodorsals are 
similar, when they are distinguishable, but in many [daces they are 
as small as the dorso-laterals. The peractinals are small and round- 
ish. The type is from ten miles west of Point Franklin, Afctk 
Ocean, off the north coast of Alaska in 13^ fathoms, sand (cc^ 
Murdoch, Point Barrow Expedition, No. 1^623, U. S. Nat. Mus.). 

This, tiiough quite peculiar in respect to its adambulacral spinules, 
seems to be only an extreme variation of H. sanguUiolfnta, perh^is 
cmly an individual variation. I have seen no others like it, though 
some approach it to sooie extent. 
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HENRICIA SANGUINOLENTA MILIARIS Verrill. rabsp. nor. 
Plate LxxxTm, figures 4^«, 

Rays five, well roanded, evenly tapered, and minutdy spinttlated. 
Proportions about as in the typical £omi o< H. atmgumoUnttL 
Kadii of the type, lo mm. and 38 mm. ; ratio, i : 3.8. 

The surface appears to the naked eye remaricably fine, smooth, 
and even, owing to the veiy small and uniform dorsal pseudopaxillte. 
These are very ntnnerous, distinctly separated, and rather dosdy 
placed, but not in contact nor fonning rows or circles. They are 
mostly rotmdish, about as hig^ as broad, and have about six to 
twelve very small, slender, acute, rou{^ spinules. The p^nilx are 
small and nnmerons between. The donal p^mUe are mostly sin^e, 
bat often two or three together oa an area. 

On the actinal side, the two max^nal series and the peractinals 
form three very regular and evident rows, and there is a veiy 
evident channel between the inferomarginals and peractinals, akng 
which there is a very regular row of single papuhe, larger than those 
found elsewhere. P^niUe between tiie peractinals and adambolacrals 
are mostly lacking. When present, they are few and very small. 

The adambulacral plates bear a single rather slender furrow-spine, 
and about twelve to fourteen on the actinal side, mostly in two 
crowded, graded rows. At the edge of the furrow there are three 
lai^;er than the rest, one of which stands on the apex of the [dates; 
two others, nearly as large, stand just back of the odd one, fonning 
an oblique pair. The rest are graded so that the outer ones are 
single and of about the same size as the spinules of the adjacent 
plates. The inferomarginals are transversely oblong, about twice as 
broad as long, widi about fifteen to twenty spinules, like those of tiie 
dorsal ossicles, but sooiewhat larger. The superoma]^;inals are about 
half as laigfe, of similar fcHin ; both rows are oblique. 

The peractinals are roundish, very distinct, dose to the adambo- 
lacrals, and have about eight to ten spinules in a stellate group. On 
some of the rays they extend nearly or quite to tlie tips. There is 
usually a short, suhactinal row. 

The type was taken off Cape Cod, Massachusetts, in shallow water, 
by tiie U. S. Fish Commission, 1879. 

HENRICIA TUMIDA VerrilL 

note xo, figures I, a; i^te ixxxm, figures i, » (delailB). 

Htnneia hmida Vnuu, Aner. Natnnlist, xim, pp. 5S4> 555. &«■ & rgo(k 

Rays five, short and thick, acute; disk large, thick, swollen. The 
radii in the type are 11 mm. and 30 mm.; in anoAer, 10 mm. and 
33 nmi. ; ratios vary fnxn i ; 2.00 to 1 : 2.7. 
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The d<M-sal surface is thickly covered with small, rol^'h pseudo- 
paxilbe, which mostly sunxnmd large pqnilar pores, each usually 
with a single papula. The pjqmlar pores are numerous and are 
found on nearly all parts, even between the peractinals and adambu- 
lacral plates. Most of the pseudopaxilUe are roundish or elliptical 
and bear from six to twelve spinules ; the laiger mes are narrow- 
oblong, and have about two rows of spinules, often amounting to 
twenty to twenty-five. Frequently the paeudopaxillje are crowded 
and ^>pear to blend together in circles around the papulse. The 
spinules are el(Higated, slender, with rough, thomy or spiculose tips. 

The adambulacral plates and spines are relatively large; each 
plate bears a rather short intra-ambulacral or furrow-spine, and a 
transverse row of four to six on the actinal side. The first three of 
these are larger and divergent, elongated, and obtuse. The others 
are smaller and graded. 

The inferomaiginals f<»in regular rows; they are strongly a»n- 
pressed and bear about twelve to twenty smidl, slender spinules. 
The tupensnarginals are smaller, oUong, oblique, c<Mnpressed, with 
similar but fewer spinules, like those of the dorsals. The peractinals 
are small and extend to about the distal fourth. They have four to 
six spinules; they are close to the adambolacrals ; oae or two very 
short intennarginal rows, or a small group, may be present close to 
the base of the ray. They are similar to the superomarginals and 
dorsals in spinulation. 

The central part of the disk and oral r^(m are deeply withdrawn, 
forming a funnel-like pit The interradial actinal areas are dosdy 
folded inward, and about eight or nine adambulacral plates in each 
row are included in the incurved portion of the actinal surface. 
These plates and their spines rapidly decrease in size adorally, those 
near the jaws being less than half as large as tiie eigbdi <a ninth. 
There are two short, stout, apical peroral jaw-spines, and about six 
small epiorals. 

This species or "fcmn" is easily distinguished by its large, 
swollen disk and short rays, and by the dee[^ sonken oral r^ion. 

The dorsal surface is nearly as in H. boreaUt, except that the 
ossicles are usually smaller and the spinules are more numerous and 
in smaller clusters, and often stand in small, rounded <x oblong 
groups around the papuUe. 

The marginal, actinal, and adandnilacral plates and spines are 
nearly the same as described imder H. borealis, but in some spect- 
mens the superomar^nal row of pUtes is not separated, proxi- 
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mally, frocn die lower row by interpolated {dates and is, tberefore, 
xnore r^;ular and distinct Its broad disk and very short rays are 
shared by H. arctka; but in the latter &k disk is flat and tbe oral 
r^ioa is not sunken, while the spinnlation is very minute, and the 
spinules far more numerous and differently arranged on all tbe 
{dates, but particularly (» the adambulacrals. 

Dutdb Harbor, Unalaska (Hairiman Expeditim, Dr. W. R. 
Coe). 

The name htmida was originally a manuscript name used oo labels 
by Dr. Richard Rathbun, who bad recognized this as a distinct form 
several years ago. 

This is a very peculiar iorm of Henricia, having a Urge, swollen 
disk and very short rays, but in most other respects agreeing so 
dosely with H. borealis tfiat it seems possible that it is only a sexual 
form or a variation of the latter. 

The peculiar excavate condition of the actinal surface of die didc 
and oral area seems to be specially adapted to the carrying of the 
eggs and young. Whether all the specimens were actually females 
oonid not be determined from dry specimens. It might be ibougbt 
that this is the normal female, while H. borgalis is the male of the 
same species, were it not that Dr. Fisher has figured the female of 
H. bortalis, while actually carrying eggs, and it does not agree with 
H. twHida, but has about the proporticms of borealis, and arches its 
disk as is usual in other species of the genus. There is no evidence 
given that the arching is persistent, nor that tbe adoral plates and 
spines are modified for that purpose. 

HENRICIA TUMIDA BOREALIS VerriQ, subsp., nov. 
Pbte xn, fignrei 3, 4; plate Lxxxn, figures 6-6a (delaib); plate Lxxxvm, 

fignret S-sb (detail*). 
HtHficia tsekriekta (Pars) FisHEa, op, dt, 1911b, p. 96, pL Lxm; pL Lxrm, 
fig. I (mmi Mfiller and TroKhel). 
Rays five, short or moderately long, stout, swollen at base, taper- 
ing rapidly to slender tips. Disk rather large and thick. Radii of a 
dry specimen, la mm. and 42 mm. ; ratio, about i : 3.5. Breadth of 
rays at base, 15 nun. Another specimen has the radii it mm. and 
42 mm. ; ratio, about i : 3.8. A short-rayed spedmen has the radii 
10 mm. and 24 mm. ; ratio, i : 24. 

The dorsal surface, in dry specimens, has a distinctly areolate 
appearance, the angular meshes of the network of ossicles being 
larger and deeper than usual in the related species, and the narrow 
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ossicles everywhere covered with even, fii«, slender, upri^t, 
crowded spinules, which lar^y stand in two or three close rows oa 
the lat^^ ossicles, and sometimes in single, cnnb-like rows, around 
and between the papulx. The larger groups are often curved or 
crescent-shaped. These spinules are longer and more slender than 
in ordinary H. sangumoletita, and have rough, acute, or subacute 
tips. They diverge but little. The papular pores are rather large 
and mostly isolated. The madreporic plate is of fair size, rough, widi 
rows of small spinules on the gyri. 

The dorsal ossicles, when the spines are removed, are small, 
thick, convex, often narrow-oblong. They form an open reticulation 
in which the smaller meshes are pol]^;onal or irr^ularly triangular. 
The upper and lower marginal plates are easily distinguished by 
their larger size and more convex surface. The two rows are con- 
tingent on the distal third of the rays, with large papular pores 
between them. They become separated by a row of small rounded 
ossicles, increasii^ in size proximally. Two or three other rows of 
small, irregular intermarginal ossicles are also interpolated at the 
base of the rays, in the lateral tnterradial areas, where the upper and 
lower mar^als are widely separated. The superomarginals are 
prominent, with a narrow transversely oblong surface. The infero- 
margiuals are latter, with the exposed surface sometimes angular, 
or transversely oblong, sometimes curved or crescent-shaped, with a 
narrow, prominent ridge for the insertion of the spines. They are 
always decidedly loi^r transversely to tiie rays; the transverse 
diameter is often double the longitudinal. When curved, the con- 
vexity is toward the base of the ray. Some of the proximal ones 
are much compressed, with a rather sharp ridgf, and bear only one 
row or comb of spinules. 

The peractinal ossicles form but one row, thot^h often the row 
is irregular. They are somewhat rounded or lobate lozenge-shaped, 
and much smaller transversely than the infercmai^iinals, but equal 
to them in number. The two rows are united by apophyses, between 
which is a row of large papular pores. They are united dvectly to 
the adambalacral ossicles, widi which they agree in lei^th. The 
latter are transversely obloi^ and prominent 

The spinules on die superomarginal and lateral ossicles are about 
the same as those of the dorsal surface, but on the inferomarginal 
plates they become a litde larger and loiter. On the inferomaigtnals 
they mostly stand in two rows, of about e^t to sixteen each, along 
the middle of the rays ; but beneath the disk tiiey may be reduced to 
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a single comb-like row of six to twelve, on some of the plates. The 
peractinal plates bear a smaller doable group of simtUr spines, mostly 
six to ten in ntmiber. The spines on the actinal surface of the adam- 
bulacral plates stand in two rows, cw often only one row distally, 
increasing regularly in size and length to the one or two unpaired 
ones at the edge of the groove. These are rather Urge, sU^^y 
davate, and obtuse. The intra-ambulacral spine is much smaller and 
riiorter, acute or subacute, not very slender. The two apical peroral 
qnnes are rather stout, subacute ; the efuorals and adorals are similar. 

Taken at Dutch Harbor, Unalaska, Yakntat. Fox Cape, Sitka, etc 
(Harriman Expedition). Common. 

Recorded by Dr. Fisher (as eKhnchtH) from numerous localities 
between Bering Straits and Yakutat, Alaska, from the shore to 86 
fathoms, and on the Asiatic side to Kamchatka and the Kuril Islands. 

Dr. Fisher records specimens of this species carrying egS^, taken 
Jane 8, lo, and 14, 1906 ; and one carrying young up to 4 mm. in 
diameter with eight pairs of ambulacral feet to each ray ; taken hy 
the " Corwin," in Bering Sea. (See Fisher's pi. Lxvta, fig. i.) 

Pn^xiUy this subspecies has formerly been confused with H. AM* 
gumoUnta, which it much resembles, superficially. 

It can best be distinguished from H. sangumolenta by the larger 
and decidedly transversely oblcmg inf eromarginal ossicles and their 
dusters of spines, of the same form. These plates in H. Mngumo- 
lento are usually smaller, scarcdy oblong, and bear smaller divergent 
dusters of spines. This is also, in most cases, a stouter spedes, with 
shorter rays and modi larger disk. Other differences appear on 
doser examination, especially in the dorsal skdeton and marginal 
plates, and in the much narrower and simpler rows and Imger adam- 
bulacral spines. 

It is so unlike H. Uvmsatla that there is no need to compare the 
two, in detail 

This subspecies is, apparently, quite unlike H. esckrichtii Muller 
and Troschd, as already remarked. The latter was described as 
having the proportions i : 4, or about those of ordinary specimens of 
typical H. soHgumoUttta, from which it differs less than var. pee- 
tiiiata, or subsp. miliaris. I consider it nearly the same as var. p*c- 
tmata. 

One specimen, taken with the type of H. tmmda, has nearly the 
same spinulati(»s as the latter, both above and below, and yet does 
not have the oral region inarched. It has, however, a somewhat 
smaller and less turgid disk. Its radii are 8 mm. and 20 mm. ; ratio, 
1:2.5. 
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Some of the varietal iorms referred to H. stmgmtolenta by Fisbei 
appear to me to beloagf rather with boreaUs, especially those on 
pi. ucviii, 6g. 3. 

It is not unlikely that H. boredlis may be the male form of H. 
tumida. Should that prove to be the case, the latter name has 
priority. 

HENRICIA ARCTICA VerriU. sp. nov. 

Plate Lxxxvn, fignrea 3-3C (details) ; text-figure No. 13. 

HtHTieia ttehriehtU (part') Fisan, op. cit, igiib, p. 276, pL Lxnn, Sg. 3 
(nOm Muller and Troschel). 

Form stellate, with a wide disk and short, thick rays. Radii of 
the type, 13 mm. and 28 mm.; ratio, 1:2.15; breadth of rays at 
base, 15 mm. 



Fig. 13. 

Htnrkia arcHea Ver., trpc U. S. Nat. Mux. Actliu] ililc, utnral dtc 

The disk, as preserved, is but tittle convex dorsally, and nearly 
flat on the actinal side, wtdi no marked oral concavity, the jaws and 
oral spines bdi^ fully exposed, not sunken in a deep concavity as 
in H, tumida. 

The dorsal ossicles are very small and closely united into a very 
fine-meshed reticulation, with small, single papular pores. The small 
pseudopaxillse are covered with compact groups of very small, short 
spinules of nearly uniform lei^th, ten to fifteen or more on the 
larger ones, often only four to six on the smaller ones. They pro- 
duce a pretty even, almost granular-appearing surface, of fine 
texture. Very often four to six smaU pseud(^>axilke form a rosette- 
like group around a papular pore. 
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The spinnles are smaller and shorter than in any other North 
Pacific or Arctic species known to me, and the surface is com- 
spondtngly more even and finer-grained. 

The two marginal rows and the peractinai row of idates are dis- 
tinct, but not conspicuous and not very regular. The tnferomar- 
ginals are larger than those of the other rows. They are obliqudy 
placed and transversely cm^ressed proximalty, but become more 
elliptical or rounded and more irregular distally. They bear a dose 
duster of minute spinules like those of the dorsals. The infero- 
maiginals are smaller and scarcdy distinguishaUe in many places. 
There are two or three short rows of intemiarginals proximally. 
The peractinal plates are pretty rq^ular, oblique, mostly rhomt^ 
smaller than the inferomarginals, and spinulated in the same way. 

The adambulacrals bear several close irregular rows of very short, 
and very small, obtuse ^inules, about five to eight in each row,' not 
very unlike in size, and an odd one slightly larger on the inner angle ; 
the furrow<spine is very small and short The adoral and cm^ s{»oes 
are larger, obtuse, numerous and crowded. 

This species appears to be more distinct from all the other Norlh 
Pacific forms of the genus than most of those hitherto described, at 
least from the shallower waters. 

Why Dr. Fisher should have united it with his H. tsehrichtU is 
not easy to tmderstand, for there is no particular resemUance to ^t 
spedes, unless in the shwt rays; but in this respect the present 
q>edes exceeds all others except H. tumda. 

From the latter it differs widdy in the mudi finer and shorter 
dorsal and maiginal spinules, in the smaller and doser ossides, and 
especially in the very different character of the adambulacral 
spinules, which are much longer and fewer in H. tumida, and in a 
single row. The latter, moreover, has a deep concavity around the 
oral region, in which the jaws and oral plates are so deeply sunken 
as to be se«i with difficulty. Possibly this last character pertains 
only to the female, as suggested above, but in that case the other 
characters named are ample for distinguishii^ the two forms. 

The type of this spedes was from off Cape Lisbume, Alaska (coll. 
H. D. Woolfe, No. 12^18, U. S. Nat. Mus.). The specimen figured 
by Fisher is from the same vicinity. 

* The fisiin (pL Lxxxvn, fig. 30) represents these strines at too few and too 
large. In the tpedmen figured the apines were btdlr worn off from most of 
these plates. 
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HENRICIA LONGISPINA Fisher. 
Htnrieia longitpma Fisan, op. cit., tgio, p. ST^i iQub. P> ^Oft pl- i-xxn, 
figi. 1, 3 ; pl. CXI, figs. 3, 30. 

Rays five, moderately slender, cylindrical. Radii of tjrpe, 9 mm. 
and 47 mm. ; ratio, i : 5.3. Dorsal ossicles are stout and form a 
rather coarse and open reticulation. Spinoles are spaced in fascicu- 
late groups of two to nine, mostly five to seven, onusually loi^ fm 
the genus, up to i nun, to 1.5 nun., acute and findy denticulate. 
Marginal rows of plates fairly rq^lar, not very large, each with six 
to nine spinules. The tnf eromai^inal spines are a little the larger ; 
somewhat transversely elongated; two or three intermarginal rows 
of small [dates proxinially, the longest extendii^ to one-half to two- 
thirds the lei^th of die ray ; interradial plates small, extending to 
about half the let^th of the ray, with two to four spinules. Papube 
exist between the interactinal and adambulacral plates, as in most 
species of the genus. Adambulacral plates have one saber-shq>ed 
furrow-spine; on the actinal mai^n a long, t^wred spinule with 
two smaller ones seated back of it, followed l^ three or four smaller 
and shorter, acute, graded spinules, the whole series forming a 
zigzag or irregular transverse row. The adambulacral spines are 
longer than any others. 

Color in life, milk white. 

The type was from Queen Charlotte Sound, off Vaitcouver Island, 
in 68 to 107 fathoms, soft mud. The only other locality is Naha 
Bay, Behm Canal, southern Alaska, in 41 to 134 fathoms, graveL 

The description is abridged fran that of Professor Fisher. 

HENRiaA ASPERA Fisher. 
Htnrieia atftra FUhd, op. ctt, t9ii(, p. 993. pt- 1^^. fic^ t-5- 

Stellate, usually with five long, slender rays. Radii of type, 
15 nun. and 100 mm.; ratio, about i:6j6; sometinies 1:7.3, and 
1 : 5-3- 

Dorsal plates openly reticulated, the spinules not grouped into 
evident pseudopaidlhe, but short, granule-like and nearly continuous 
over the lines of ossicles around the papular pores; the meshes and 
p^iular areas rattier large, each with several, five to twelve, papulae 
in adults. Spinules stout, sharp, not crowded, often obscured by 
membrane; the rows often interrupted. 

Margnial plates in regular rows, the iq>per ones usually a Kttfe 
smaller, spinules about ten to twelve to a plate. Interactinal plates 
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in two rows {Htndnially. Adambulacral fiattt have one or tvn> 
farrow-spines proxiinaUy ; on actinal side two lai^r stoutish spines 
d)liquely placed; and outside these, three or four smaller graded 
spines in an irr^;ular transverse row. 

Mr. Fisher records this from numerous localities in 26 to 313 
fathoms, from Bering Sea to Santa Barbara, California. 

The above description is condensed from Fisher. 

Family SOLASTERIDM Perrier. 
Solatttrina (sab-family of Echinmcridg) Viaum, Squelette dea StdUrides, 

Nou*. Arch. ZooL Exp^., vn, p. 133, pL nil, figs. 1-7, 1878 (structure). 
S«buttrid» PEUtm, Etoiles de mer, p. ato, 1884. Sladen, Rep. Voj. ClulL, 

ZooL, XXX, p. 44^ i88!>. Perrier, Expid. Trav. et Talism., p. 151, 1894. 

naher, op. at, 19116, p 30s 
EMnatlerida (f'') PaKun, RMs. StdL, Nouv. Arch, dn Mas., iv, p. 358, 

1875- 
Rays varying in number from five to thirteen or more. Dorsal 
skeleton generally formed either by openly reticulated ot loosely 
imbricated (rarely detached, Laimaster) ossicles, which have a cm- 
vex or elevated central boss, bearing a cluster of slender, paxilliform, 
movable spioules, webbed together into a stellate or penicillate group 
(pseudopaxillsc) . Both series of marginal plates are usually dis- 
tinguishable, at least distally, alternate or opposite, or in one line. 
The upper ones are often the smaller and essentially like the dorsal 
pseudopaxillsc. Both rows bear paxilliform spinelets. 

Actioal interradia] pseudopaxillae are generally present and similar 
to the dorsals. Adambulacral plates are transversely elongated and 
bear, each, one to five or more spines, often webbed, in a longitudinal 
row on the inner margin of the groove, and one or more clusters or a 
transverse webbed series or comb of movable spines on the outer 
surface. True pedicellarise are not known in most spedes; but 
large specimens sometimes have a few small, Infid spines in the 
furrow series, and in .S". stimfsom a few minute bivalve pedicellariae 
sometimes occur oa die dorsal paxillar areas. Tube-feet have 
suckers. 

Sladen (1888 and 1889) divided this family into two subfamilies: 
Solasterinse and Koretbrasterinae. In this he was followed by Perrier 
(1894, pp. 154, 158). Later these have been considered separate 
families. 

Genus Solaster Forbes. 
SoUuttr (part) Fmks, Mem. Wem. Soc, nn, p. lao, 1831); British Star- 

fiihes, p. 109. 1841- Gnv, Ann. and Mag. Nat Hist, n, p. 183, November, 
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1840; Synopua, p. 4, 1866. VmiLL, Proc Boiton Soc Nat Hiit, x, 
p. 345, t866 ISolasUr and Crostasttr firat lepanted). Agwsiz, North 
American Starfishes, pp. iii, 112, 1887 (structure). Perrier, Expid. 
Trav. et Talism., p. 154, 1894. Sladen, op. at, p. 450, iSg. 
CrotMuttr (fart) HOuxt and TibscHiL, Monatsk Preuss. Alad. WisB.. 

Berlhi, April, 1841% p. toj. 
Soktsttr (fart) ViGumt, Nouv. Arch. ZooL Expir., vii, p. 138, i8?8 (struc- 
ture). Bell, Catal. Brit Echinod., p. 88, 1893. 
SoUuter {pars) Damielssem and Kobzm, Norw. N. Atlantic Exp., Aateroidca, 
pp. 43, 53, 53, 1884 (structure). Fisher, op. cit, 19"^, 3o6. 
Disk rather broad. Rays seven to twdve, variable in each species. 
Dorsal ossicles small, mostly subcruciform or slightly four-lobed, 
sonetimes stellate, usually reticulated, or in quincunx, on the disk 
and proximal part of the rays, but closely imbricated near ends of the 
rays, and often arranged in r^^ular quincunx order; sometimes 
united by smaller ossicles. They are convex or slightly mammillate, 
with a central boss, and bear a stellate or fasciculate cluster of 
slender spinules, webbed together, and usually enclosing one or 
several central spinules, connected by the web, forming pseudo- 
paxtllae. The outer drde of webbed spinules often forms a funnel- 
shaped structure in life, or when well preserved; but the spinules 
are movable, and in dry specimens they are usually mostly collapsed 
or tipped over, thus forming insular groups or pencils or small 
spinules, from five to twenty or more in a group. 

The superomargtnal plates are small and close to the lar^r infero- 
marginals, usually alternating. They are usually hardly distit^uish- 
able from the dorsal pseudcq>axill3i, except near the ends of the rays, 
but they extend r^ularly to the a|Hcal plate. 

Inferomarginals much larger and more elevated, transversely 
oblong, forming a rather conspicuous row. They bear a large num- 
ber of paxilliform spinules in two or more transverse rows. Adam- 
bulacral plates usually have two to four shorter groove-spines, 
webbed together, and an actinal transverse row of four to nine or 
ro<»-e tmger spines, also webbed. 

The interradial actinal areas are small, but distinct, and bear 
pseudopaxiltae, much like the dorsal ones. 

Papulae are numerous on the dorsal surface, but stand singly or in 
small groups. A single row of peractinal pseudopaxiltae usually 
extends along the proximal part of the rays, to about the middle. 

The e^s and young are carried attadied to the oral region in 
clusters in S. endeca and other species. 

The structure of the skeleton has been very fully described and 
beautifully illustrated by Agassiz in the work cited above. 
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The species of this gcem, like those of Htnricia ind Leftasttrvu, 
are nnmerous and vamble, [»«sentiiig in many cues ptuzlin; fonns, 
due, perluqM, to hybridism or to the locaUzatioo of accidental 
varieties or " qKirts," and made possible by dw habit of dw parents 
to carry and care for tfie eggs and young, which have no free- 
swimming stages. (See remarks mider Leptatttriat, pp. 116, 117.) 

SOLASTER ENDECA (Linn<) Forbes. 
PUte tx, figures a, 3 (yoong) ; plate Lxxxm, ficims 4-^ (details) : phte 

Lzxzix, figure i (typical). 
Asttriat tndtea Lxxnt, Hmt Plaat App^ p. $43, 1771- Rctsini^ K. Sveaika 
Vet Akad. HandL, it, p. 337, 1783. Gmelin, SysL Nat, p. 3160, 1788. 
Lamard^ Anim. a. Verteb., n, p. 560^ 1S1& 
SoUuttr tndtta Foam, Mem. Wem. Soc, mi, p. lai. 1839; Hiit British 
Surfisbes, p. 109 (fie), 1841. Mullcr and Troacbel, Syat, p. a6, 1842. 
Grar, Ana and Hag., p. 183, i8«o; p. ig, 184S; Synopiia, p. 5, 18^ 
Stimpaoo, Invert Grand Hanan, p. 14, lSS3- Utken, Overaigt over 
Grontaad* Ecbinodennata, p. 35, 1857- Verrill, Proc Boiton Soc Mat 
Hilt, X, pp. 34S, 356k 1866; BnU. Eaiex Inat, m, p. 4, 1871; Amer. 
Joam. Sd., t, f. 104, 1873 ; Exfd. of Casco Bari p. 356. tt^4- Pctrier, 
Stdletidea dn Mns., in Arch. ZooL Expir., iv, p. 359, 1^5. A Agasaiz, 
H. Amer. Starfiahea, p. 112, pL xvn, figt. 1-5, i^. ^^guicr, Sqndette 
dca StelUridea, Arch. d. ZooL Exp. et G^ vu, p. 134, i^& Duncan 
and Sladen, Echinod. Arctic Sea, p. 40, ^ m, figs. S-8, i88t. Danidssen 
and Koren, Nortke Nordshav. Exp., xi, p. so^ pi. ix, fig. 13, 1884 Verrill, 
ResnlU ExpL bjr Albatross in i883> P- 54i> 1885- Murdoch, op. dt, 1885, p. 
iiSa Ganong, Ecfamod. New Bmnawicfc, p. 33, pL 1, fig. 8; 1888L Fewkn, 
BnIL Eiaex Inst, xxm, p. 63, 1891. Bell, CataL British Ediinod., pL go. 
l8ga. Verrill. Amer. Joan. Sci, xux, p. 199, 1895 (dittribution). Lnd- 
wi^ Fauna Arctica, i, p. 4G4, 1900 (synonymy and dtttributioD). Clark, 
op. dt, 1904, p. 556, pL m, figs. 13, 13; pL IT, fig. 33. Fiihcr, op dt, I9it(, 
P- 3PIi pl> LZxxi ; ^ Lxxxn, figy i> 3, 4- 
A very lai^ ten-rayed, typical specimen, collected by Mr. N. P. 
Scudder, o£F the coast of Greenland (lot 61), has the fdlowtng 
diaracters: 

Radii, 76 mm. and 190 mm. ; ratio, neariy as 1 : 3.5. The adambu- 
lacral plates, opposite the bases of the rays, mostly bear two miequal, 
short furrow-s|Mnes, and a smaller rudimentary or pedicdlaria-like 
spine; on the ventral side they bear ao obliquely transverse group of 
e^ht to fifteen longer and stouter graded spines, of which the inner 
ones are longer, the first two being considerably longer and placed 
nearly side by side. They are partially webbed together and often 
stand more or less in two alternate rows. Outside each of these, 
but often almost blending with them, there is a group of fifteen to 
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twenty or more smaller actinal spinules, standing irregularly in 
about three trausrerse rows on each peractioal plate. Farther out 
they r^dly decrease in number and disappear at about the middle 
of the free part of the ray. Outside these there is a conspicuous row 
of inferomaiginal pseudopaxillse, distinctly larger than the others. 
Each of these plates bears about thirty to forty small, slender, rot^, 
subacute spinules, in three or four divergent rows. The actinal 
interradial {dates bear clusters of spinules (pseudopaxillje) similar to 
those of the lower marginals, but a little smaller and more com- 
pressed, and mostly webbed together laterally. They are radially 
arranged and rather numerous, forming about sixteen to twenty 
rows, cohering a rather large acute-triat^;ular interradial area. 

The superomarginal groups are much smaller, but prominent and 
unequal in size; the largest are ovate or oblong-ovate, bearing 
twenty to thirty small acute spinules in about three or four divergent 
rows. Tht7 are dose to the inferomarginal ones and alternate with 
them. The dorsal psendopaxiUae are rather small and unequal in 
size ; the larger are oblong-ellipdcal ; the smaller oval or round ; all 
are covered with minute divergent spinules of nearly unifonn 
length. The smaller plates bear about seven to nine spinules; the 
larger fifteen to twenty or more. When expanded liiey are stellate 
and webbed tc^ether, with two or three in the middle. Madreporic 
plate large and irregular, with s(»newhat enlarged and prominent 
pscudopaxillae surrounding it The papulae are Uige and numerous ; 
they mostly stand sii^y or two together in the interspaces between 
the plates. 

Greatest diameter, 15 inches, or 382 mm. Radii of disk, 3 to 3.5 
indies, or 76 mm. to 89 mm. Radii of rays, 7 to 7.5 indies, or 
178 mm. to 190 mm. Breadth of rays, at base 2 inches, or 51 nun. 

Another very similar specimen from the Fishing Banks off Nova 
Scotia (lot Sao) has nine rays. Its dimensions are as ft^ows : 

Greatest diameter, 13.50 indies, or 344 mm. Radii of disk, 3.75 
to 3 inches, or 70 mm. to 76 mm. Radii of rays, 6.50 to 6.75 indies, 
or 166 mm. to 174 nun. Breadth of rays at base, 1.75 indies, or 
44 mm. Ratios of ndii, about i ; 3.5. 

The dorsal pseudopaxillje are so dose that when the spinules are 
fully spread out or naUurally expanded in die stellate and webbed 
condition, they nearly or quite touch eadi other, leaving room only 
for the mostly scditary papuUe between them. They are nearly uni- 
form in character over the disk and rays, titou^ variable in size. 
On the sides of the rays proximally they are arranged pretty 
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regularly in altematitig: obliqody tnuuverse rows, or in quincunx, 
and are a little larger md bear twelve to eighteen or more diveigent 
webbed spinules around the edge and four to six or more on the 
central part. On the distal part of the rays the ossicles become 
smaller, more closely crowded, and imbricated, with their regularly 
stellate spinules m contact Many of these bare only nine to twelve 
spinules around the edge and one to three in the middle. 

The adambulacial plates mostly bear two unequal furrow-spines, 
but some proximal ones bear three, the central mudi the larger; dis- 
tally they mostly have but one. 

NORTH PAOFIC SPEaMENS. 

A ten-rayed specimen taken off Kadiak, Alaska, in 5 fathoms, by 
the Harriman £]q>edition, agrees well with New Ei^;Iand specimens 
of the same size. Its aAor in life was " orange with purple bars " 
(Coe). 

Radii, 25 mm, and 65 mm. ; ratios, about i : 2.6. The rays are 
a)nvex above and taper to rather slender tips. Dorsal surface 
closely and evenly covered with small, stdlate pseudopaxilUe, which 
do not form any distinct radial rows, but often are in contact by 
their edges. When ocpanded they are unequal, mostly circular and 
r^ularly stellate, each having from nine to fifteen or more minute, 
divergent spinules, webbed together around the edge, and two to 
four in the middle. They are borne on very small, convex, mostly 
four-lobed ossicles, between which are numerous isolated papular 
pores, each of the larger pseudopaxillae having three to five around 
it. On the sides of the rays the pseudopaxillae are in pretty regular 
quincunx order. 

Central (nephridial) pore distinct. Madreporic plate lai^, with 
several pseudopaxilUe on its sur&ce. 

Superomarginal pseudopaxillx small, but more than twice as 
lai^ as the dorsals, with numerous larger, closely clustered spinules. 
They are round or ovate, close to the upper side of the inferomar- 
ginals, with whidi they alternate. 

The infercmiarginals are much larger and more prominent, trans- 
versely oblong, elliptical, and convex or rounded at the summit, and 
covered vrith minute, rough, acute spinules, tike those of the bade, 
but rather laiger. Of these about twenty-five to forty surround the 
maigin, while about fifteen to twenty form a central row, 

A row of peractinal plates extends to about Ae middle of the free 
part of the rays, decreasing rapidly distally. The proximal ones are 
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similar to the iiiferotiiaif;inats, but smaller and less prominent. The 
interradial areas are rather lai^e, actite-triai^ular, and covered with 
oblong or elliptical unequal pseudopaxillse like the synactinals, but 
smaller. 

The adambulacral plates have each two, ot sometimes three, short, 
acute, unequal, divergent furrow-spines, reduced to one distally. 
Their actinal surface bears a row of about six or seven graded ^ines, 
tlie inner one and that next to it being distinctly larger than the rest 
and standing obliquely on the plate. These spines are webbed 
together, and proximally stand in a curved transverse row. 

The four inner peroral sfAaea at the apex of the jaws are lat^ 
and stout, subacute, the two median ones larger. They are flanked 
CHI each side by about six smaller, tapered furrxnv-spines, decreasing 
in length dist^y. On the actinal side of the jaws there are two lon- 
gitudinal curved rows of eptoral spines, webbed ti^ether, seven or 
eight in each row, increasing in size adorally, the inner one in each 
row distinctly larger. 

The color in life ia usually either orange-yellow or purple, rarely 
lemon-yellow. 

This species has a very extensive geographical distribution. It is 
drcumpolar, occurring at Greenhuid, Spitzbergen, Nova Zembla, 
Iceland, and on the northern coasts of Eurt^ and Asia, as far 
south as Great Britain and East Siberia. 

On the Atlantic coast of America it is common as far south as 
Cape Cod. It was taken by the U. S. Fish Commissioa at numerous 
stations, in 5 to 150 fathnns, from Newfoundland to Cape Cod. 
Ccmunon on the eastern coasts of Maine and Massachusetts, and in 
the Bay of Ftmdy, from low water to 90 fathoms, and off Cape Cod, 
ao to 50 fathoms. Taken on all the fishing banks (^ Nova Scotia, in 
30 to 150 fath(»ns. 

On the northwest coast of America It is common in Bering Sea 
and northern Alaska, and extends southward to Sitka. I have 
studied specimens from Yakutat, and from off Juneau, Alaska, in ao 
Ciithoms (Harriman Expedition) . 

I have also examined one rather lai^e, tumid, nine-rayed specimen, 
in alcohol, from Bering Island (N. Grebnitsl^, U. S. Nat Mus.). 
It has previously been recorded from Barents Sea, Kara Sea, and 
East Siberia. 

Dr. Fisher records it from off the Shmnagin Islands ; Kaaaan Bay ; 
and Kadiak, Alaska, in 13 to 123 fathoms; and frxnn Queen Char- 
lotte Sound, in 338 fathoms. 
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The dorsil surface of this species is ck»dy covered with smaller 
pseadopudllK, having finer and more numerotts sfmniks, tfian in mj 
odier west Americas spedes, except S. gakuidet. In whidi tftey are 
ttill smaller. 

It is allied to S. tHm^ttmi VerriU, from the Northwest coast of 
America; S. mbarctuhu Sladen. from At Southem Indian Ocean, 
S. lat 53" 04', in 150 fathoms; and S. tonUahts Sladen, from nordi 
of the Kermadec Islands, in 350 fathoms. 

TBRATCHXXsY. 

A medtnm-tized specimen, taken at Eastport, Maine, has ten rays, 
but cne of the nys forks be]roDd the edge of tiie didc, the two forks 
becoming like tfie other rays, in size and form, distally, so that it 
becMnes eleven-rayed. Otherwise it has the ordinary diaracters of 
tlie spedes. 

Specimens with nine rays and twdve rays are not very rare. 
Those with ten rays are about as common as those with deven rays. 

SOLASTER GALAXIDES VerriD. 
Plate XLTi, figurea i, M <type) ; plate uuxnt, ficures 5-5C (delaili, coQrpe) ; 

plate Lxxxix, fignre 3 (actiaai side, type). 
Soiatur galtxidtt Vnani, Aner. Joam. Sci., xxnn, p, ssti ^S*- ^ 34 ^VB- 

This is a broad-disked spedes, usually with nine or ten nys, cov- 
ered above with very small, flat-topped, crowded pseudopaxillc:, and 
resembling S. endtca in fonn and color. The two type ^}ecimens 
have nine imyi. The larger has the radii 40 mm. and no mm.; 
rstio, about i : 2.7. It was orange-color in life. 

The marginal spines are about as in .S'. tnd*ca, but tiie inferanar- 
ginals are more doogated transversdy, and bear a deddedly greater 
number of more minute spinules. 

The peractinal series of pseudopaxilbe extends only to about the 
basal tUrd of the free part of the ray. They are rdativdy smaller 
than in endeea, being here only about half the size of the infero- 
marginals proodmally. 

The actinal intemdial areas are apparently relativdy larger than 
in endeea of the same size and number of rays, and bear a larger 
number of compressed pseodopaxilbe, the larger ones similar to die 
inferomarginals and penctinals. They fonn about sixteen radial 
rows, the smaller one in the median rows distally. They are cov- 
ered with a large number of small, rather short, r^ular qtinules. 
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The dorsal ossicles are unusually small and closely united, leaving 
very small papular pores, and the pseudopaxiUas are uncomnxmly 
small, with a small flat-topped' fasdde of about twelve to sixteen 
minute spinnles, of which three to six usually occtq>y the central area. 

These pseudopaxillae are (mly about half as lai^ as in typical 
Atlantic spedmens of enieca of correq>onding size. There are 
Dsnally two subeqtul, rather long, acute, divergent furrow-spines on 
each adambulacral plate, only one distally. On the actinal surface 
tfie curved transverse row or comb has usually six to ei^ graded 
spines, the two inner decidedly longer and stouter. 

The oral spines and jaw-spines are much better developed than 
usual. The four apical spines are very la^:e, strong, and acute. 
There are six graded furrow-sinnes on each side. The epioral siMoes 
are long and slender. They form two snbparallel rows of about 
eig^it en* nine graded spines. The sfunes in ^at opposed rows axe 
often bent toward each other and interlocked. The two most adotal 
are distinctly larger than the others. 

Two typical specimens from Victoria were received from the Pro- 
vincial Museum of British Columbia. Another, very similar in 
diaracter and size, is fnun Friday Harbor, Puget Sound, cotype, 
No. 1897, Mns. Coiiq>. ZooL, pi. ucxxvn, figs. 5-5^. 

SOLASTER DAWSONI VerrilL 
Fbte XLn, figura 5-56 (details); plate xc, figure I (is-nred); ptate xci, 

figures I, 3; plate xai, figure i (13-rejred). 
Solasttr iansom Vntuu, in Whiteavet, Report Prog. Geolog- Survqr Canada, 
iG^ 18^ p. 4. Wbiteavcj, Trans, Royal Soc Canada, iv, sect. 4, p. 116, 
1886. Flaher ipari), opt dt., tgiib, p. 313, pL lxxxiv, figs, i, a; pL 
LxxxT, figs. I, a; pL Lxzxn, fifL i, 3; pL cxm, fig. i. 
The type has the following characters : Rays twelve. Radius of 
die disk, 30 mm. ; of the rays, 53 mm. ; ratio, about 1 : 3.62. It is 
kas than half grown. 

It has the general appearance of J". endeca, as seen from above, 
bat resembles Crostaster papfosus beneath. The dorsal pscndo- 
paxillse and their clusters of stdlate jinnies are small, numerous, 
and crowded. Usually there are ten to fifteen minute, short, 
webbed spintiles aroimd the edge of eadi plate. The plates, when 
denuded of SfMneg, are small, three- and four-lobed, closely imbri- 
cated, with a Founded and convex central mammilla. The infero- 
maiginal plates are praninent, and each bears a prominent trans- 
verse group of numerous small, sletider spinules, forming two rows 
of about twelve to fourteen each. 
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The interradial spaces, beneath, are ver7 small and narrow, witii 
veT7 few ossicles, each of which bears a group of three or foar 
slender, elongated spinules. These spaces are very much smaller 
than in S. stimpsoni, and still smaller as compared widi S. endtca. 
The adambubcral plates bear a longitudinal group of three, or 
somettmes four, \Qagi slender, furrow-spines, and outside of these a 
transverse group of four or five rather larger and longer ones. The 
oral plates bear six long, slender blunt preoral spines, the two middle 
ones kmgest, and four or five small lateral ones on each side. 

The adambulacial spines, especially the furrow-series, are mud) 
longer than in S. stimfsom and S. tndtco, both of those usually 
havii^ but two small and short furrow-spines on each plate in sped- 
mens of similar size. 

This type was from Virago Sound, British Columbia, in 8 to 15 
fathoms (G. M. Dawson, Canadian Geolc^cal Survey). It was 
dried and not in a good state of preservation. Much larger and 
better specimens have subsequently been obtained, many of which 
have been sent to me l^ the Canadian Geological Survey. 

One of the larger dry specimens from Powell Island, Straits of 
Gemgia, has the radii 34 mm. and 100 mm. ; ratio, about l : 3. (PI. 
xa, fig. a; xcu, fig. i.) 

Rays thirteen, rather long and narrow, tapering gradually, the 
disk being smaller and the rays rather longer than is usual in 
S.mdeca. 

The dorsal pseudopaxillx, many of which are preserved expanded, 
are small, crowded, regularly stellate, with a truncate or infundibuli- 
form top, surrounded by about twdve to eighteen small, slender 
spinules, webbed t<^ther, and mosdy with one to three very small 
central spines, though many have more. 

The plates are small, partly four-lobed and partly three-Iobed, 
with a prominent central mammilla. They are everywhere dosdy 
imbricated, mostly arranged in quincunx order, and on the sides of 
the ra3rs they stand in dose and pretty regularly alternating oblique 
rows. 

The papuke are numerous and small ; they stand partly in small 
groups and partly singly. 

The madreporic plate is large and prominent, with numerous fine 
gyri, and with three or four pseudopaxillse on its surface, near the 
margin. 

The inferomarginal phtes are lai^ and very prominent, trana- 
versdy oUong, with thirty to forty or more very slender spinules 
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around the niai^:iii, and one or two smaller rows on the summit. The 
^ioes are decidedly longer than those of the dorsal surface, espe- 
cially the inferior ones. 

The superomai^nal plates and pseudopaxtllse are unusually dis- 
tinct and well developed. They are rounded and bear a regularty 
stellate group of twenty to thirty slender spinules, longer than those 
of the dorsal ossicles. 

The interradial areas are very small and narrow, with a few 
(about twenty) irregular ossicles, which bear round pseudopaxilbe, 
having from five to ten loi^ and slender spinules. None of the inter- 
actinal plates extend on the rays beyond t^e mai^ of the disk. 

The furrow-series of adambulacral spines stand mostly four to a 
plate, often with a small fifth one proximally ; they are long, slender, 
diver^gent, webbed together, the middle ones longest, and about as long 
as those of the transverse series. The latter are unusually lot% and 
slender, subequal ; ibey usually stand five in a row, but often six. 

The six terminal peroral spines are rather kn^, but not very 
stout ; they are regularly graded, and there are five or six in each 
adoral lateral row. 

There are two pairs of epioral spines, the proximal pair being 
much the longer. 

VARIATIONS. 

A dry, twelve-rayed specimen, a little larger than the last, but 
having the same proportions, from Queen Charlotte Islands, has 
somewhat lai^r dorsal pseudopaxillse, mostly with twelve to fifteen 
somewhat stronger spinules. The furrow-series of spines stand 
mostly three to a plate, but sometimes four; they are about as long 
as, and rather more slender than, the transverse series. 

Another specimen from the same locality has thirteen rays. The 
radii are 28 mm. and 85 mm. ; ratio, i : 3. The dorsal pseudo- 
paxillse are smaller, el^antly stellate, with about twenty to twenty- 
five slender spinules. The madreporic plate has a remarkably fine 
texture. It is partly concealed by a circle of about ten stellate 
pseudq>axillse that stand partly within its mai^^in. The furrow- 
spines proximally often stand four on a plate, though more com- 
monly three to a plate, the different rays differing in this respect at 
corresponding places. The transverse rows of pectinate spines 
contain either four or five spines, proximally. The jaws bear in 
some cas'es two pairs of unequal epioral spines ; in others three pairs ; 
or sometimes two on one half and three on the other in the same 
individual. The interradial areas are unusually narrow, and have 
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fifteen to twenty smaD, round pceodoptxilfae, widi ratlier long 
spmoles. Otherwise the characters are as m the type. 

A dry, thirteen-rayed specimen, in poor condition, from Eaqui- 
mauh Harbor, has tmtwnally small dorsal psendopaxilUe, lo crowded 
that when ^ic r^;ularly stellate spinolcs are esqnnded die adjacent 
•tars touch each other by their edges, or interlock, over most of the 
surface. 

A fifteen-rayed young spedmoi (radii, 47 mm. and 18 mm.) from 
Vanconrer Island (see fig.) has fonr of the ccotigooas rays on one 
side shorter than Oe rest, the two intermediate equal ones shorter 
than the next on each side, which are also nearly equal, thus giving 
the qMdmen a bilateral symmetry. The oral spines are four on each 
jaw, rather stout, nearly equal; epiotals two to four, also rather 
stout ; laterak small, slender, graded, about nx on each side. Actinal 
interradial pseodotNudllx are few and very small. Adambulacral 
groove-qiines about three in middle of rasrs, ladier strong, often 
four proximally ; comb-spines about four, snbeqoaL Dorsal pseudo- 
paxilhe very numerous, small, nearly even, drcnlar ; those on the ra]rs 
very small and crowded distally. 

A somewhat smaller thirteen-rayed spedmen (radii, 42 mm. and 
16 mm.), from the same locality, agrees well with the last in the 
dorsal and actinal paxilUe, but has relativdy smaller and more 
slender adambulacral and oral spines. The anneal jaw-spines are 
mostly six on each jaw, small and slender. 

This q)ecies has a wide nogc, espedally from Monter^ Bay, 
California, to tibe Aleutian Islands. It is onnmon in the waters of 
Fuget Sound and British Cdumbia. I have studied specimens, sent 
by the Canadian Geological Survey, from Virago Sound; Queen 
Charlotte Islands; Fowdl Island, Gulf of Georgia (G. M. Dawson). 
Esquimault Bay (C. F. Newcombe). Vancouver Island; Departure 
Bay (Geological Survey of Canada) ; and from other localities. 

Whiteaves (1886) recorded it from Powell Island, Malaqiina 
Inlet, and Galatos Channel (abundant at low tide). 

Fisher records it from many localities from Monterey Bay to the 
Aleutian Islands, from low tide to 123 fathoms. He also records it 
fr<nn more northern localities; but some, if not most, of these 
localities refer to S. dawsoni arctica Verrill, perhaps a distinct 
species, which he did not distinguish. 

His more nortliem localities include tiie Kuril Islands (aag 
fathoms) ; Shumagins ; and Point Franklin, on the Arctic Ocean. 
The latter is tfie ^pe-Iocali^ of S. damtom arctica Verrill. 
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SOLASTER DAWSONI ARCTICA VerriU, sobap. dot. 
Plate Lxxxm, figures 6^ 6a (deUtIs) ; text-figure No. 14 

This subspecies is very similar in general appearance to S. endeca 
and S. dowsoni. Its dorsal pseudopaxillae are rather lai^r tlian in 
the former and are flat-topped. The larger dorsal ones, on the disk 
and bases of the rays, are covered witti twenty to thirty, or more, 
small, short, very slender, thorny ^inules, of which about fifteen to ' 
twenty-five are marginal, tint rest central ; all are stmt, rising to 
about the same height, but the central ones may be a little shorter, 
in s<Mne cases. Papulae are small and stand singly. 

The adambulacral plates bear two rather long and slender, nearly 
equal, furrow-spines, sometimes with a smaller st^ementary one. 



Pig. 14. 

SeUultr dawtimt artHcm Vcr., trpc AiEtk O. 
pUCci uid tbdr iiiiDe*; a, a, OBter or kctloal coabt; 

and a transverse comb of about fire or six somewhat shorter and 
stouter spines, not very diverse in length, so that their tips lie in a 
slightly cmvex line. The furrow-spines rise to about the same 
height 

The inferomarginals are relatively rather large and prominent, 
strongly compressed, transversely oblong, covered wtA a great num- 
ber of minute, rough sptnules, in three or four transverse rows. The 
superomarginals are small, but distinct, not half as large as the lower 
ones, but twice as large as the dorso-laterals, spinulated like the 
lower ones. 

Peractinals are small and inconspicuous, except proximally. The 
oral plates have abont six or seven graded spines on each end, besides 
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four stoat afical onef. EiMoral spines numerous, six to e^t in 
each duster. 

Radii of tbe type are 20 mm. and 55 mm. ; ratio, 2 : 2.75 ; rays ten. 

Nortbem Alaska. Tbe type is from near Point Franklin, Arctic 
Ocean, in 13)4 fathoms (cdl. Murdoch, Pmnt Barrow Expedition, 
U.S. Nat. Mus., No. 7624). 

This fonn, which may prove to be a distinct species, is easily dis* 
tit^piisfaed from typical S. dawstmi by the nmch finer and more 
nomerous spinnles of the dorsal p8eadc^>axniae. They are only about 
half as tai|re, but nearly twice as numerous. The less projecting 
adambulacral combs, the general presence of only two nearly equal 
furrow-spines, and other less notable characters also serve to dis- 
tinguish it 

Professor Fisher records a specimen, from the same locally, as 
S. dawsom, which may be identical with this. The locality is far 
more nortfiem and arctic than any known for tbe true dawsom. 
My material is not sufficient for a positive decision as to its specific 
distinctness. 

It is certainly more closely related to S. dawsom than to 5". endeeo, 
tbotm^ the latter is the common q>ecie9 of tbe arctic coasts, wh0e 
S. dawsom is conmon from the Aleutian Islands southward to Cali- 
fornia. 

SOLASTER STIMPSONI VerriU. 
Plate X, figure* t, 3; plate xi, figures t, a; plate xv, fignru t, a; plate zlvi, 

figures i-ic (deUila) ; plate xor, figure 2 (type) ; plate xcv (type). 
f Atttriat dtctmrodiatiu Bbampt, Prod, f. 971, 1835 (no deKription). 
Solatttr stimftom Vntuu, in Whiteavet, Invert of Queen Charlotte It., 
RepL Prog. GeoL Surreir Canada, for l878-79> P- 3; Whiteaves, Trans. 
Royal Soc Canada, ir, p. it6, 1887. Fisher, op. dt, 1911b, p. 3iif pf- 
Lxxxii, fig. 3; tL Lxxxm, figs. 1-5. 
f Solatter itctmndtatus SnupsoM, Jouro. BoMcm Soc NaL Hist, n, p. Sa 

1857 (do description). 
Solatltr vaneomtrtnnt tm, Louik, Mim. Soc Phys. Genive, xxxn, part a. 
No. 9 (p. lal. pi I, txfij, fig. S, 1896. 

Disk of moderate width; rays elongated, usually ten, sometimes 
nine. One of the type specimens has the radii of the disk 30 mm. ; 
of the different rays, 100 mm. to 115 mm.; ratios, usually about 
i:3-7S-4- 

The rays are long, rounded above, r^jularly tapered, UM>er sur- 
face thiddy covered with pseudopaxillse composed of stellate dusters 
of small, blunt, stnmgly divergent, webbed spinules, the larger ones, 
on the rays, having usually five to ei^t spinules around tfie edge 
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and one or two in tiie middle of the star ; on the disk, where they 
are more crowded, they may have six to ten radial spinules, with two 
or three central ones. In the smaller specimens there are fewer 
spinules in the clusters. These spinules are decidedly larger, stouter, 
more obtuse and less numerous than in S. endeca, and form larger 
pseudopaxillx. On the lower side, the interradial spaces are smaller 
than in S. endeea, with fewer and smaller ossicles, which are 
roundish. Each bears a stellate group, usually with four or five taper- 
ing spinules around the edge and oat or two central mes. Th^ are 
rather larger than those of the dorsal sur£ice, and much stouter and 
fewer than the corresponding spinules of S. endtca. 

The inferomarginal plates are smaller and less praninent than in 
S. endtca. Each bears a transverse group of about twelve to sixteen 
spinules, mostly in two rows, similar to those of the sides and under 
surface of the rays. 

Each adambulacral plate bears, on its inner edge, two small, short, 
tapered, acute spines, rarely three proximally, which form a longi- 
tudinal row ; and on the actinal surface of each, a simple transverse 
row of about six to eight longer and larger, subequal, tapered spines, 
with subacute tips, the inner one a little larger. These are shorter, 
less unequal, stouter and less acute than those of S. endeca. The 
jaws bear six strong and rather long peroral qwies, Hie two middle 
ones longest, the others graded ; and about six smaller graded sfwies 
<m each side. 

VARIATIONS. 

The laigest specimen that I have seen is from Victoria (coll. C. F. 
Newcombe, Prov. Mus. B. C.) . Its radii are 42 mm. to 45 mm. and 
180 mm. to 190 mm. ; ratios, about i : 4.35. 

The ten rays are long, the distal part slender. It has been stained 
(to imitate the natural colors) bright orange, with a central star and 
a median band on each ray of dark purple. The dorsal, stellate 
pseudopaxillae are laiger than in the type, and not so closely 
crowded. The la^er ones (pi. XLVi, fig. la) mostly bear five 
divergent webbed spinules around the edge and one in the middle, 
making a rather large, but short, r^ulariy star-shaped group. 
They stand in pretty regular obliquely transverse, alternating rows 
on the sides of the rays, and in longitudinal rows on the dorsal side; 
also in regular quincunx order in many places on the sides. The 
papuls mostly s^nd singly, but often two or three stand tc^^etfaer, 
especially on the disk. 
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The madrqxmc plate is large and has four pseudoiMxiUK on ite 
surface; and others irregularly placed at its maigin. 

The adambulacral ^hims in the furnnv-seriea are short, and stand 
mostly three to a pl^, the middk one longest; but at about the 
distal fouitii of the rays they are reduced to two. The actinal trans- 
rerse combs crasist proximally of about eight to ten webbed and 
feebly graded spines, in a simple, slij^y curred row, the inner 
ones slightly longer and larger than the middle ones ; but, owing to 
the convex summit of the [date, the middle spines are often more 
prominent and Ae tips form a curved outline; the outer ones are 
much shorter. 

The inferomargioal [dates are transversely oblong and often com- 
pressed. Each bears a mai^rinal, wd)bed series of about ag\xt to ten 
rather stnmg qHnulea on each side, and often a partial median row 
of two to four spinules. 

The superomarginal i^tes are small, rounded or ovate, dose to the 
inf eromarginals, and bear a stellate group usually of five to seven 
spinules, like those of the dorsal sur&ce. 

The actinal interradial areas are relatively smalt and narrow, and 
are covered by small, rounded, unequal pseudopaxilhe, which form 
about eight radial rows distally. They mostly bear four to six, 
rarely ei^i^ stout spinules in a stellate, wd)bed group, rarely with a 
central one. Their spinules are like those of the adjacent infero- 
marginal plates, but fewer. 

The peroral spines consist of a terminal group of six stout, dose, 
graded, subacute spines, with three or four much smaller ^nnes on 
eadi ude. The epiorals consist of two opposed curved and con- 
vergent rows of seven to nine graded spines, often widi the opposed 
tips in omtact or interlodcing, die two inner ones decidedly stouter. 

Pedicellariae of minute uze occur in this q)ecie3. They were first 
observed by A. H. Verrill, while drawing the details of the dorsal 
pseud(q>axilhe mounted for the microscope. They are very small, 
sesnle around the papular pores, bivalve, oftea with the valves 
unequal (See pi. xlvi, fig. ic.) They are scarcdy visiUe to ibt 
naked ^e and occur only in small numbers, so for as observed, and 
are, therefore, likdy to be overlooked. Some specimens seem to lade 
them entirdy. 

This spedes has a wide range, from Or^on to the Aleutian 
Islands, and, according to Fisher, has been taken also farther north, 
at Bering Island, Commander Islands group. 

Dr. Fisher records it fmn low tide to 33 fathoms, and from 
Or^^ to Bering Island. 
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It is especially characteristic of the region fran Paget Sound to 
southern Alaska, at low tide and in shallow water. I have received 
numerous good specimens from the Canadian Geological Surrey, 
taken at Departure Bay, Vanoouver Island, etc Also, from C. F. 
Newcombe, q>ecimen3 from off Victoria, Vancouver Island (lai^). 
The type was from Samsay Island, British Ctdumbia (Canadian 
Geological Survey). 

SOLASTER CONSTELLATUS VerrilL 
Plate xLTi, figures 3, 4 (type) ; ^atf xc, figure a (tjpe) ; plate xan (tjre) ! 

plate xav, figure i (type). 

Sokuttr tontttllotut Vmni, Amer. Joora. Sci., xxnn, p. 60| figt. 3, 4. I9>9- 

Fliher, op. dt, 19116, P- 3ii> foot-note. 

The type is eight-rayed, with a small disk and long, tapered arms. 
Radii of the type are 21 mm. and 78 mm. ; ratio, i : 3.7. 

The dorsal pseudopaxillae are unusually lai^ and elevated, r^ular 
and flower-like. Th^ are stellate in form, and usually, where 
largest on the disk and base of rays, they have a single ceutral 
spintde and about six equally spaced and webbed marginal spinules, 
which are often fully expanded and nearly horizontal, producing 
the appearance of a six-petaled flower. The largest ones may have 
six to eight divergent spines, and the small distal ones only four or 
five. The superomai^^inal and interactinal ones are quite similar to 
the dorsals. The peractinals are small. 

The dorsal papube are small and mostly stout, and stand singly 
around the pseudopaxillje. The latter are very regularly arranged in 
oblique alternating rows on the sides of the rays, or in quincunx. 

The inf eromarginal plates are small, roundish, and bear a small 
number (eig^t to twelve) of elot^ted, webbed spumles similar to 
the dorsal ones, but hm^r. 

The adamhulacral spines consist of a furrow-series with two, or 
sometimes three, short, tapered spines, and an outer ctnnb of six to 
eight nearly equal, tiqwred s[nnes, webbed nearly to the tips; the 
inner ones are usually rather longer, so that the rows are a little 
graded. Adoral spines are strongly graded, about ten to a jaw, the 
apical Odes unusuaDy stout. The superomarginal pseudopaxilbe are 
but little larger than the dorsal ones, but are distinct, partly owing 
to their greater elevation. 

This is not the only eight-rayed qiedes known to me from that 
coast. Its large and beautifully stdlate dorsal pseudopaxilbe are 
distinctive and decidedly latter and with longer sfMuules than in 
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S. stimpsoni Verrill, which it somewhat resembles in certain respects. 
The latter is also sometinies eight-rayed. 

The typt is from Puget Sound (Prof. T. Kincaid, University of 
Washington). 

Fisher {i^ub, p. 311) su^ests that this is merely an individual 
e^ht-rayed variation of S. sttmpsoni. The species was not based 
on the dght-rayed conditioo, for no one knows better than the writer 
the variability of species of Solasttr in that respect Perhaps no one 
has collected and studied more specimens of the genus. This may 
be but a variety of ttiinpsoni, but among large numbers of the latter 
studied, from the same region, no intermediate specimens have been 
found. The most notable diCFerence is in the larger size of the 
stellate pseudopaxillae, witb tbeir few, long, slender, divergent, 
webbed spinules. 

SOLASTER PAXILLATUS Sladen. 
Solasttr foirHlahu Slaisit, V07. Cbalkngcr, xxx, f. 453, pL ucxi, figi. I-3; 
pi. Lxxii, (iga. I, 2, 1889. Flihcr, op. dt., 1911^. p. 3i5> pL utxxTii, fig*. 
I, 2; pL Lxxxvm; pL lxxxix, figs, i, 2; pL can, fig. 3. 

Rays dght to ten. Disk of rather large size. Radii, 58 mm. and 
117 mm. ; ratios, about i : 3, sometimes up to i : 3.7. 

Dorsal pseudopaxillae are numerous, rather dose, subtabulate, a 
little convex; their qwiules are ntunerous and short, thickly webbed 
t<^;ether, about tbtr^ to forty on the larger plates. 

Mafginal plates prominent, alternate, very unequal in size, upper 
ones about as large as dorsal paxillae. Inferomarginals compressed, 
fan-shaped, with thirty to forty spinules. They form a prominent 
txwder to the rays. 

Adambulacral plates with three or four long siunes in the furrow- 
series. Actinal series in fans of five to eight proximally, long, 
tapered, acute, standing in a curved line, the inner end turned 
aborally. 

Dr. Fisher records this spedea from seven staticHis, from Bering 
Sea to Kadiak, Alaska, in 5 to 276 fathoms. The type was from off 
Yt^cohama, Japan, in 344 fathoms. 

The above description is condensed from Fisher. 

Genus Crowaster (MJiller and Troschel) restr. Verrill. 
Crottatltr ipars) UCuaa and Twobcbxl, op. cit^ 1840a, p. 103. 
SoUuter (.part) Fraais, Hon. Wem. Soc., vm, p. 129, i^; Brit Staifisbet, 

p. 112, 1841. Mutler and Troschel, SysL Alter., p. J6, laj, pL m, figt. 

I, a-b, 1842. Fisher, op. dt, 1911b, pp. 306, 320. 
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Crottasttr VnnLL, Proc BoiMn Soc^ x, pp. 345, 3S6, 1866 (here fint re- 
■trict«d). A. Agusiz, N. American Starfisbci, p. 98, pi. xu (structure), 
i8;7. Duncan and Sladen, op. dt, p. 36, 1881. Sladen, V07. Challenger, 
XXX, p. 444, 18^ 

Sobuttr {part) Danhuskn and Koxen, p. 48, pi. ix, 18S4. 

Rays variable in aumber, usually ten to twelve. Dorsal skelettxi 
feebly developed, flexible, the ossicles slender and openly reticulated, 
leaving numerous rather large papular areas. The dorsal and mar- 
ginal plates bear elongated pseudopaxilbe, with numerous slender 
spinules clustered in the form of a brush or pencil, the middle ones 
longest. Supercunaigioals feebly developed; inferomarginals much 
larger, with large pencils of spinules ; actinal plates few, sometimes 
lacking. Adambulacral spines form a r^;ular furrow-series, usually 
three to five to a plate, and an exterior transverse comb of longer, 
webbed spines. 

The dorsal ossicles do not form definite, obliqae, transverse rows 
on the sides of the rays, as they do in Solaster. 

CROSSASTER PAPPOSUS (Linni) Miiller and Troschel. 
Plate V, figures; plate vm, figures i, a; plate ix, figure 4; plate xux, figure 4. 

Aiteriiu fapposa lj.vmt, Syst Nat., ed. xn, p. 109S, 1767. Walch, p. 76, 1774. 

0. F. MuUer, op. dt., p. 334, 1776. Fabridns, Fauna Groenlandica, p. 369, 
1780. 

Soiatttr pappotus Foaaxa, Mem. Wern. Soc, vm, p. lai, 1839; Brit Starfiahei, 
p. 113, fig., 1841. Stimpson, Invert. Grand Manan, p. 15, 1853. Muller 
and Troachel, Sjat, p. 36, 184a. Lutken, Overaigt over Gronlandi Echino- 
dermata, p. 40, i^. Perrier, SteQ^rides du Mui., Arch. ZooL Expir., 
p. 94. Viguier, Squelette de> StelL, op. dt., p. 134, 1878. DanieUsen and 
Koren, op. dt, p. 48^ pL ix, fig. 12, 1884. Fither, op. dt, 19116, p. 335, 
pL xciv, figs. 1-6. 

SeUulfr {Polyatter) pappostu (aay, op. dt, p. 183, 1840; Synopris, p. 5, 18G6. 

CrouatttT pappoSHS MCiixa and Tioschel, Wieg. Ardi., nr, part i, p. 183, 
184a Verrill, Proc. Boston Soc. Nat Hut, x, p. 345, 1866. A. Agastii, 
North Amer. Starfishes, pp. 99, ii3, pL xn, fig*, i-s, 1877. Bush, op. cit, 
p. 246, 1883. Verrill. ExpL Albatrois, R^. U. S. Fish Comm. for 1883, 
p. 541, 1885. Uurdoch, op. cit, p. 159, 1885. Fewkes, op. dt, p. 63, fig.. 
1891. Duncan and Sladen, op. dt. p. 36, pi. m, figs. 1-4, t88i. Sladen, 
V07. Challenger, Z06L, xxx, p. 444, 1889. Ganong, EcUnod. Nev Bmna- 
wick, p. 31, fig., 1898. Verrill, Amer. Joum. Sd., xux, pl aot, 1895 (dis- 
tributioa). Perrier, op. cit, p. 40, 1896. 

Crostaster pappofut DdmLKiM, op. dt., p. 338^ 1899. Ludwig; Fauna Arctica, 

1, p. 460, 1900 (synonymy and distribution). 

Asttrias dHnit and T Aittriat albovtmtcota BaJUfn, Prod. Descr. Amm., 
p. 371, 1835 (ywtng, deacribed from colored figures). 
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A typical Atlantic speciinen, of medium size, has the radii 30 nun. 
and 55 mm., but tfie proportions vary consideraUy. Rays thirteen, 
tapered, acute. The whole upper surface is covered with raAer 
large, unequal, elevated, spaced pencils or conical tufts of slender, 
elongated spinules, more or less divergent, pointed, forming rather 
high pseudopaxillK^ Snperomarginal plates small, not easily dis- 
tinguishable ; lower ones larger, wdl defined, qiaced, bearing large 
tufts of spinules. Actinal spinules mostly lacking. Furrow-series 
of adambulacral spines consists of four or five slender subequal 
spines on each {^te. The transverse oomb has six ot seven longer, 
slender, acute spines. The four apical adoral spines are long and 
pretty stout; they are flanked on each side by about six slender 
graded spines. 

In life this is a very beautiful species. The color in life is usually 
light red or pale orange, with the tips of the rays bright red ; under 
side, l^t yellow. It sometimes becomes nearly a foot in diamrter. 

The Pacific specimen figured (pL vin, figs, i, 3; pi. ix, fig. 4) was 
taken in Beig Bay, at 10 fathoms, June 10, 1899 (W. R Coe, Harri- 
man Expedition). According to Dr. Coe's notes it was, in life: 
" Pale ydlow, with a horseshoe-sha{>ed red spot on the middle of the 
disk, and several small pale pink spots on die rays," 

Its radii are 16 ntm. and 30 mm., in alcohol. In all essential 
characters tt agrees well with the Atlantic specimens of similar site. 
It has the tufts of spinules of the pseudopaxilUe on the dorsal surface 
expanded and mostly divergent, so that the tufts i^)pear broader and 
more stellate than in dry spedmens. The p34>ul3e are small, rather 
ntnnerous, mostly standing singly, or two together, on die wide papu- 
lar areas, around the pseudopaxillae. 

This ^>ecies vanes much in ^>pearance, according to the mode of 
preservation. Owing to the feeble skeleton, it is apt to become 
flaccid and soft in drying, while the dorsal ^nnules may droop to one 
side, or o^pse, so as to give very unnatural appearances. The 
number of rays varies from nine to fourteen, byt they are usually ten 
to twelve. 

This species is drcumpcdar and has a very extensive geographical 
rai^. It extends southward on the European coasts to Scandinavia, 
Ireland, Great Britain, and France. It is known from Greenland, 
Icdand, Spitzbergen, Barents Sea, East Siberia, etc. It extends 
southward to Cape Cod, and beyond, in deep water, on the American 
side. It is not uncommon in the Bay of Fundy on the shore, on stony 
or nullipore bottoms, at very low tides, where I have often taken 
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fine spectniens ; but it is more cooimoa in lo to 50 fathoms or more. 
Lai^ specimens are often taken on the Newfoundland Banks and 
the fishing banks, off Nova Sooda, by the fishennen, in 40 to 100 
fathcnns, on their deep-sea lines. It was taken by the U. S. Fish 
Commission, at many statjcms, in 5 to 179 fathoms, mostly on hard 
bottoms, from Newfoundland Banks to off C^>e Cod. 

On the Pacific side it occurs from the Arctic Ocean south to 
Vancouver Island, in shallow water; and on the coast of Siberia. 

I have examined specimens from many localities : Bering Island, 
deven-rayed (N. Grdmitsky); Point Franklin (Murdoch), No. 
7636; and Cape Prince of Wales (W. H. DaU), No. 6059, U. S. 
National Museum; near Victoria, British Columbia, one, nine-rayed; 
one, ten-rayed ; one, eleven-rayed (Prov. Mus. B. C.) ; Berg Bay, 
eleven-rayed (W. R. Coe) ; Puget Sound (Mus. Comp. Zool.) ; 
several, good; Vancouver Island (Professor J. Macoun, Canadian 
Ge(d(^ical Survey, 1909), many good. 

Dr. Fisher records it from certain localities, from Bering Strait 
to Washii^too, and from low tide to 383 &tboms; but mostly in 
from 5 to 50 fathoms, on hard bottmns. 

Asteriat afSnis and A, atbovemuosa Brandt were probably 
identical with this q>ectes of Crossaster, but the descriptitMig were 
very brief and imperfect, having been based entirely on figures of 
young specimens. Both were one inch in diameter of disk ; lei^th of 
rays, seven lines. Both were described as having ten rays, with 
laige, scattered clusters of dorsal spinnles ("papillae"), and as 
resembling A. pappota. The number of rays cannot be regarded as 
a specific character From the descriptions, both mig^t, without 
hesitati(», be referred to C. papposus, which is the form found in 
the same r^on, Berii^ Sea, where his supposed species were found, 
and where no other similar species has been obtained by modem ocA- 
lectors. 

The Crossaster a^is I^nielssen and Koren,* from the North 
Atlantic (C. korem Verrill), is not to be considered the same as 
Brandt's a/Rms, which appears to be an ordinary ten-nyed papposus, 
(he difference in the number of rays being the only difference given, 

* TUs i* referred to C. papfottu by Ludwig uui others, bttt the dtSerencca, 
a* described and figured by DanicUMn and Korea (1884, pp^ 44M7> pL >% 
figs. 7, 8; 14), MOD to be of apcafic valtie-4totabty the iboitcr and doaer 
dorwl paxillK; the increased nntnber and iborter adambnlacral tptnea; die 
larger actinal mtcrradial area*, with larger oiaiclei ; and the trifid odontophore. 

As it leenu to have had no tenable name, I would propOM for it C KOBCTL 
It hai not been found on the Adantic coatt of America. 
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and this is also a common number of rays in the common Atlantic 
papposiu. 

Lndwig (Fatma Arctica, p. 464) identified Brandt's alboverru- 
cosa with S. «ndtca; but Brandt recorded tiie latter (var. deeem- 
radiata) as from Sitka, in the same article. His descriptions are, 
of themselves, wholly insufficient to identify any species, and prob- 
ably the colored drawings 00 which they were based were neither 
accurate nor detailed. It is possible that the names on the original 
drawings have been transposed since Brandt named them in 1835. 

A closely related species {S. penicillattu Sladen) occurs in the 
South Atlantic, S. lat. 37' 25' 30* to 46° 43', in no to 140 fathoms. 

Family ASTERINIDJE Gray. 
Atltrinidtt Gray, Ann. and Mag. N. HUt., n, p. 226^ 1840; Synopsis, p. 15, 1866. 
Ferrier, R^i>. Stcll., iv, p. ago, 1S75 ; v, p. 309, i8j6. Viguier, Squdette 
dct Stcll., Arch. ZooL Expir., vu, p. x>S, pL xiv, figs. 1-13, 1878 (itructure). 
Sladcn, Voy. Challo^r, xxx, p. 374, 1889. Perrier, Exfil Trav. tt 
T&lism., pp. 141, 163, 1894. Fiiher, op. cit, 1911&, p. 353 (table of genera). 
Verrill, Revision of the Genera, Amer. Jonm. Science, xxxv, p. 477, May, 
1813. 

Body usually rather flat, often thin, normally pentagraal or hex- 
agonal, rarely with eight rays ; et^jfes usually thin, formed mainly by 
the inf eromar:ginals ; marginal plates small, usually scarcely larger 
than the adjacent dorsals, covered with a group of spicules. Dor- 
sal plates usually flat and more or less imbricated, sometimes not 
imbricated ; generaUy covered with granules or minute spinules, not 
rarely with tufts or combs of spines ; sometimes covered with a soft, 
naked, or granular dermis. Under side flat; actinal plates imbricated 
or closely united, usually furnished with small combs or tufts of 
sfnnules, or with only one. Adambulacral spines generally webbed ; 
furrow-spines form a comb of two to six or more, sometimes two or 
more combs superimposed. Pedicellarise usually laddng; when 
present erect, two-bladed. 

Genus Atterina Nardo. 
Type, A, mumta Nardo = ^. gtbbom (Penn.). 

Atttrita Naux), Oken's liit, p. 7i<C i834- Gray, Ann. and Mag. Mat Hist, 

n, p. 386) 1840; Synopsis, p. 16, 1866. Perrier, Rivis. StelL, Arch. ZoiA. 
E:^^. et Gin., v, p, 314, 1876. A. Agusiz, North American Starfiabes, 
p. to6t pi xiT, i^ (atraclnre). Vignier, op. dt, vn, p. 307, pL xiv, 
figs. 8-13, 1878 (atnictnre). Sladen (fart), Voy. Giallenger, xxx, p. 
38^ 1889. Kther (fart), op. cit., 19"^. P- 354. 
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Citmasltr L. Acassiz, Prod., p. 193, 1835 (type, C. MmKtu). 
Asttrisdu iport) MQlub and Troschil, 1840, p. 104; Syst Alter., p^ 39, 1841: 
Atltrina (rettriclid) Vekbill, Amer. Jonrn. Science, xxxr. May, t9i3i P- 43i- 
The genns Asterina sboold be restricted to those species closely 
allied to /4. ^b£roja (Penn.) of southern Europe, the type. The writer 
has proposed several new generic groups for the diverse species 
tisaally referred to Asterina^ The only species found on the north- 
west coast belongs to the restricted genus Patiria. Other genera 
are found farther south, and may occur off San Diego. 

'The cUssificatioii adopted <op. dt, 1913) for those generm most nearly 
allied to Atterwa is as follows : 

A. E)isk and rays depressed, margnis thin, the plates tmall. 

Bfi. Principal dorsal plates all imbricated. 

C Ventral or interactinal plates bear a fan of two to difct, usually wdbed 
spines. 

D. Dorsal plates of papular areas sptnulated, nearly all of one kind, without 
large groups of small intervening ossicles. 

K Two-bladed pedicellariK are present on dorsal plates. Atltrina Nardo 
(restricted). Type, A. s^bota (Penn.). Europe. 

EE. Pedicellariae are lacking. .^WmfiiiM Verrill. Type, ^4. /o/tiim (Lutk.). 
W. Indies; Bermuda; Florida. 

DD. Dorsal plates of papular areas are mostly lobcd and notched, with a 
curved or lunate crest bearing fine spinolcs; between them are dusters of 
many very small spinulated ossides. 

F, Fedicellarue are lacking. Patiria Gray, iB4a Type, P. coccinea Gray. 
S. Africa (monotypic). Not Patiria of Perrier nor of Sladcn. 

FF. Pedicellarue are present on the dorsal plates. Papular areas differ- 
entiated. EnoflopoHria VerrilL Type, E. margiMta (Hap£) =£. braalitnat 
(Liitk.). Brazil; W.Indies; W.Africa. 

CC. Ventral plates are without fans of spines. 

G. Ventral plates have a single spine; sometimes twa Dorsal plates nearly 
as in Patiria. Patiri*Ua VerrilL Type, P. rtgularis Ver. New Zealand. 

CG. Ventral plates have a fasdde or duster of spines. 

H. Ventral plates have a fasdde of slender spines. Atttrinoptis VerrilL 
Type, A. pemeillaris (Lam.). Indian and Pacific Oceans; Australia. 

HH. Ventral plates have a central duster of many short apinnles or gran- 
ules; rays longer; rounded. CaUopattriaVcTTiil Type, C. bWIwAt Sla. 

BB. Principal dorsal plates findy spinulated, not all imbricated; thin, trans- 
versely dongated, with many small intervening ossicles. Plates rest on an 
alveolar structure, tubular interradially distaUy. Ventral plates, toward mouth, 
have an irregular group of webbed spities ; distally changing to a regular comb 
of about three. PcMM^atsna VerrilL Type, D. Acnlu Ver, Oiile (7). 

AA. Disk and rays not much depressed ; rays longer, roonded ; margins not 
Ain and subacute; larger dorsal plates not all imbricated. Here are placed 
Parapatiria Fisher. Type, P. cratta (Gr^). Allopalma VerrilL Type, A. 
octUiftra (Gray). 
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Gam» Pitirla Gray. 

Tjpe, P. cotetMM Gnj, 1841L 

Faitria (^r, 1840; Gny (Pm^t), op. cit, 1866, p. t6 (not of Perrier, nor of 

SUden). 
Autritia (.port) Pmm^ Slaiom, Fuhes, and others. 

Patiria VmuLL, op. dt, 1867; Amer. Journ. Sd., toL xxxt, pp. 480^ 483, 
Miy, 1813. 

Disk broad, usually peatacoml, sometimes bexagooal, dquessed, 
with thin mai^iins and short rays. Dorsal plates uneqaal, spino- 
lated, more or less imbricated, the lat^^er ones crescent-shaped, widi 
the exposed edges rounded, becoming small distally; between these 
are many mucli smaller rounded ones. Mar^ginal plates small, 
scarcely larger than the adjacent dorsals, upptr ones usually some- 
what smaller ; both with mar^nal ^indets. PapuUe are distributed 
over most of the upper surface of ^ rays and central part of disk 
in radial rows. Interactinal i^ates have spines in small cranbs, often 
wdibed. The larger dorsal ossicles have three or four internal lobes, 
by wUdi they are connected ti^ether. The distal interradial plates 
have internal, conical, descending processes which join projections 
from the ventral i^ates. 

Adambulacral plates have a furrow-comb of about three to five 
wdibed ^ines, and a group of two to five spines, tn a row. 

Madreporic plate lai^, dorsal, much nearer to the center than Uie 
margin. 

PATIRIA MINIATA (Brandt) VerrilL 
Plate vu, figuret i, 3; plue cnn, figure* i, 3 (varietie*). 
Ailtriat mmUita Bbandt, Prodromiu, p. 68, 1835. 
Asteriscut miniatiu Stihpsoh, op. dt, vi, p. go, 1857. 
Patiria mimala Vnuu, Trans. Coan. Acad., i, pp. 234, 336, 1867 (diitri- 

bution) ; Amer. Journ. Sci.. vol xxxv, p. 483, 1913. 
Atttrina mtHiata Slakk, op. cit, p. 774, 1889. Verrill, American Naturalist, 
xuu, p. 547, fig. 3 (nx-rayed), September, 1909. Rsber, c^. dt, 19116, 
p. 354, pL LVi, figs. 6, S; pL lxi, figs. 1-4; pL ucii, figs, i, 3. 

Size lai^e ; disk rather thick ; rays normally five, often six, trian- 
gular, r^dly tapered, about as broad as l<Hig. Radii of a large five- 
rayed specimen, 46 mm. and 93 mm. ; ratio, 1:2. A large six- 
rayed specimen has the radii 44 mm. and 85 mm. ; ratio, 1 : 1.93. 
The disk is convex or sw<^en, in well preserved specimens, altxig 
the radial areas, but usually with depressions between, in large 



The larger dorsal plates al<Hig the median radial areas of the disk 
and rays are prominent, crescent-shaped, covered with short, roug^ 
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qtinules. Ahematitig insularly with these are many small oblong 
and rounded plates, aimilariy granulated. Everywhere in the 
dq>ressed areas between the larger {dates there are many lower and 
much smaller ossicles, unequal in size and form, bearing small 
clusters of small granules. The larger plates form pretty regular 
radial rows medially oo the rays, and oblique ones on their sides. 

Toward the margin, the crescent-shaped plates become smaller and 
shorter, and near the margin of the disk all become rounded or 
elliptical, with a rosette of grannies ; while on the sides of the rays, 
distally, they bec«ne elliptical and oblong, closely siunulated. 

The marginal edge is formed by the two r^ular rows of mar- 
ginal plates, which are only a little larger than the adjacent dorsals, 
and transversely elliptical in form, as seen covered with a wreath of 
qiinoles, sli^tly longer than those of the dcwsals. The lower mar- 
ginals are slightly the larger. The rows are separated by a narrow 
but wdl defined groove. The actinal plates fmn large triangular 
areas. They are closely arranged in many alternate rows. Each 
bears a group of three to five erect, sli^tly divergent, partly wdibed 
spines, which become much longer and larger adorally. 

The adoral spines are stout and obtuse, about three or four pairs. 
The epiorals are laiger, stout, blunt, connivent, often only one pair 
oa small specimens, and then they resemble spiniform pedicellarise. 
On larger specimens there may be four to six connivent pairs, and 
dien they resemble pectinate pedicdlarise. 

The adambulacral plates bear a furrow-series of two or three 
slender, parallel, partly wdibed spines and two or three larger, 
loiter, erect, blunt spines on the actinal side. 

The interactinal plates are covered with a thin skin that forms 
delicate, narrow, ciliated canals, transverse to the rays, and running 
out from between the adambulacral groups of spines. 

Color, in life, commonly orange, varying to scarlet, bright red, 
dark red or red-brown, purple, lemon-yellow, etc. ; sometimes green- 
i^ or olive, or Uotched with green. 

Its range extends from San Di^o to middle Alaska. I have 
studied specimens frcnn many kxalities. It is abundant on the coast 
of California, in shallow water and between tides, on rocky shores, 
at Monterey and many other places. Pacific Grove (W. It Coe), 
many large examples; San Luis Obispo (Prof. E. X- Nelson). 
Common at Vancouver Island. Numerous large specimens were col- 
lected at Departure Bay, Vancouver Island, in 1909, by Prof. Jcdm 
Macoun and party of the Canadian Gecriogical Survey. Most of 
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these were daric puipk, but some were orange. Among them were 
two six-rayed specimens and one very large one with seven perfectly 
rq^lar rays. Fisher records it from many localities, mostly off die 
California coast, from low tide to 165 fathoms, and also from the 
Gulf of California, north of La Paz, in 33 fathoms. 

VARIATIONS. 
Many r^ular six-rayed examples occur of full size. From Pacific 
Grove (coU. Prof. W. R. Coe), there is also a four-rayed specimen 
which is quite regular, except that one ray has been broken off and 
not fully restored. A regular leven-rayed spedmm has been 
received from Vancouver Island (pi. cvni, fig. i), Canadian Gedogi- 
cal Survey. Its radii measure 58 mm. and 84 mm. With the latter 
was a regular six-rayed specimen, with the radii 48 mm. and 72 nun. 

Suborder VKLATA Perrier. (See p. 204-) 
Family PTERASTERID^ Perrier. 
Fitratttrida Pbkuxr, op. ch., 1^5. 

Pttnsteridtr (fart) Sladzm, Voy. Challenger, toL xxx, p. xxxvii, p. 468, 1889. 
Fuher, op. cit, igit6, p. 343- 

Tbis is one of the most peculiar groups of starfishes hitherto dis- 
covered. It shows, in general characters, a remarkably high d^^ee 
of specialization not found in any other group. Most of the genera 
and species are from the deep sea. 

Disk usually plump; rays five to eight, rarely nine; upper surface 
covered by a supradorsal membrane, supported by the tips of long, 
slender, divergent, often webbed, paxillary spinules and pierced by 
small concentric pores or " spiracles," often closed and invisible in 
preserved specimens, and usually with a larger central osculum. 
Beneath this membrane is a " nidantental " cavity or gonocodium, 
traversed by the columnar pseudopaxtQae, and containing the 
papulte, which are often branched. In this cavity the tggs are 
retained, and also the young, till they assume the adult form and 
considerable size. 

The dorsal ^eletal ossicles are lobed or cruciform, loosely reticu- 
lated. The adambulacral spines usually form transverse webbed 
combs or fans ; not webbed in Hymenasterinse. Series of slender, 
divergent spines, more or less appressed, and attached to the under 
surface, or imbedded in it, and usually webbed to the adambulacral 
fans in Pterasterinse, are always present These peculiar spines, 
called " actino-lateral spines" by Sladen, should rather be called 
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retroambulacrals, or outer adambulacrals, for they are attached to 
the outer end of the adambulacrals. They are sometinws short and 
do wA reach the margin, except distally, on the rays; but in 
Pteraster and some other genera their tips usually reach the margin 
of the disk. Between the bases of these there is usually a small 
slit or pore (actinal spiracle or "sq^ental aperture"), furnished 
with a calcareous valve. 

Interactinal plates are lacking. Pedicellarix have not been found. 
Jaws have a series of adoral spines, usually webbed. Epioral spines 
of large size, in one to three pairs, often without webs, stand per- 
pendicularly to the jaw ; those of one pair are sometimes specialized 
and partially hyaline. Ambulacral feet are large, in two to four rows, 
with large apical suckers. 

The supradorsal membrane may be thin and translucent, with 
thin muscular fibers, or thick and muscular; it may cootain calca- 
reous spicules, muscular and cartilaginous fibers in the form of a net- 
work, and often abundant mucous glands. The copious mucus is 
phosphorescent in some cases (Diplopteraster) . 

The intestine and anal pore are well developed. Sexes are alike 
externally. ' ti .'■ ifjjV^ 

Subfamily HYMEN ASTERINJE Verrill, nov. 

The genera Hymenasttr and Cryptasitr, and their allies, should 
form a distinct subfamily Hymenasterinae, differing f rtHU Pteraster- 
inx in lacking webbed combs of adambulacral spines and in other 
characters. It is a characteristic deep-sea group. 

Pythonaster Sladen does not belong to this family. It has no 
supradorsal membrane, actinomarginal spines, nor actinal spiracles. 

Subfamily PTERASTERINJE. 

Genus Ptenster Miiller and Troschel. 

Pttratter Mfiuia and TtoscHit, Syat AMer., p. laB, 184A Sladen,. op. 

cit., p. ^0^ 1889. Fiiber, op. cit, 191 tfr, p. 344; analytical table of all 

known Bpecict, pp. 36S-370. 

Hexatttr Perrieb, Comptu rendua, cxn, p. 1237, 1891 (tjrpe, M. obtcunu 

Perrier). 
Tentnatttr Vtantx, Proc. U. S. Mat Mas., xvn, p. 375, 1894 (tTpe. T. htxaetit 
Vtmn=sH. obtamu Perrier). 

Disk large ; rajrs finre to eight ; ambulacral grooves turn up distally, 
mon or less, reaching to the upper side of the rays. 

Adambulacral spines form equal, webbed combs ; retroambulacral 
or actinomarginal spines closely appressed, ending in a friI^^ or 
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itAd. One pair of free epioral qunet; tfaew are often translucent 
distally. Suprad(»ial mcmbruie ^mished with > central contractile 
oacalimi, guarded by five gronps of wdibed, projecting ipines. It 
osnally omtaiiu insular muscular fibers for its support ; muscular 
bands usoally do not form a r^utar network and are generally very 
inconq>icaous externally. Usually two rows of amtmlacral feet, or 
□early four-rowed, by crowding, in P. martippus. 

PTERASTER TESSELATUS Ives. 
Plate XXXII, figures i, 3; pkte Lxxxn, figoret 4-4£ (detaib); pUte xcra. 

figure I. 
Pteratter Uutlatut Ins, Proc Acad. Nat ScL Fbiladdphu, for 188B, p. 

431 ; and 1889, p^ 169. Fiiber, op. dt, iQlifr, p. 359, pL civ, fig*. 1-5. 
Ptenuttr relictilaHu Vkxull, op. tk., 1909&, p. 555 (an accidental error in 
qtelling). 

A large, plun^, five-rayed qwdes, with wide, tiqiered, subacute 
rays of short or moderate lengdi, and with higfa, rounded margins to 
the disk. 

The amtmlacral grooves are toraed up a little at the end of ttie 
rays, so that the distal and ai»cal [dates are dotsaL Submaiginal 
fdd narrow. 

Radii of the largest (dry) q>ecimen from Paget Sound (Prof. 
Trevor Kincaid) are 42 mm. and 70 mm. to 75 mm. ; hdght, 50 mm. 
Radii of one from off Sidney, British Columbia, are 38 mm. and 
40 mm. ; height, 35 mm. The alodiolic specimen figured, from the 
Harriman Expedition, is larger, the greater radius measuiing 90 mm. 
or more. 

The dorsal surface is covered with a strmg, thidc, supradorsal 
membrane, through which the spinules of the pseudcqAxilbe usually 
show only as very small points, arranged in a complex reticulated 
pattern. But in the largest dry spedmens they a|q[>ear as small, more 
elevated, obtuse spines or tubercles, sometimes showing a stellate 
arrangement, but more often closely reticulated or areolate. The 
dorsal osculum is relativdy rather small, with elevated spinose mar- 
gins, the spines not very long, rather stout, the points not pro- 
jecting beyond the webs. 

The adambulacral fans of spines consist of about three or four 
onter, rather long, nearly equal, al^tly tapered spines, and two 
much smaller inner ones, of which the innermost is only about one- 
fourth as long as the outer ones, and the next one is about half ttieir 
length. In some laige specimens these spines beoxne clavate. 
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Tbe appnascd retroandNtlacral or " actino-tnargiiul " 9{Mnes are 
tmasnalljr short and stout, a little flattened and enlarged distally, 
and almost twice as long as the adambulacraU-; but they do not reach 
a third of the distance to the margin in the middle of the interradial 
areas, so that the dorsal spinulation extends well onto the under side, 
maldng tbe mar^ns thidc and swollen. They end at a strong, free 
bAd of the membrane, which only becomes marginal near the ends 
of the rays. The peractinal spiracles or pores are narrow slits, with 
narrow, elongated, somewhat crescent-shaped valves. Adoial spines 
form aboot five graded pairs, completely webbed ; the tenmnal ones 
are rather stout; tiie distal, very slender. Epiorals large, tapered, 
translucent distally. The dorsal spiracles are small and numerous, 
but in dry spedmens and some alcoholics thty are iuvisiblc, owing 
to stroi^ contraction. 

This species is known from Bering Sea to Puget Sound. My 
specimens are from Yakutat (Professor Ritter) and Sitka (W. R. 
Coe), Harriman Eiqwditioa; Puget Sound (Professor Kincaid) ; 
off Sidney Islands, May lo, 1896 (Prov. Mns. B. C.) ; British Cokm- 
bia (Canada Geok^cal Survey). Mr. Ives recorded it from Marmot 
Island, Alaska (type locality). Fisher recorded it fran Bering Sea, 
off Pribilof Islands ; off Shumagin Islands ; off Unalaska, and various 
other Alaskan localities, from low water to 150 fathoms; off Van- 
couver Island, in 338 fathmns; Straits of Fuca, 114 fitthcms; near 
Port Townsend, 15 to 39 fathoms; etc. Some of his q>edmens were 
much larger than the one described above. He gives the radii of one 
^Kounen as 54 mm. and 88 mm. ; ratio, i : 1.63. 



PTERASTER TESSELATUS ARCUATUS Fisher. 
Pltntttr letselatHS arcMotns Flssn, op. cH., ignb, p. 363. p). cm, fig. i. 

Similar to P. tesstlatus, but arcuately pentagonal in form, with 
thidc sttpradorsal membrane, without signs of reticolation ; spiracola 
simken in irregular creases. Radii, 33 mm. and 46 mm. ; r^txa, 
1:1.44. 

Color in life, above, bluish gray or dull heliotrope purple, mottled 
with fawn-o^or, with daric interradial and lifter radial areas, and 
dark around margins ; interradial areas bdow, dull heliotrope purple ; 
marginal membrane, vinaceous buff (teste Fisher), 

M(Miterey Bay, in 46 to 56 &thoms (Fisher). 

This ^ipears to be tiie same as the next, grown to lai^^ size. 
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PTERASTER TESSELATUS HEBES VerriU. 
Plate licn, figures t, 3 {typt, eolirged). 
Pttratter htbtt Vmnx, Amcr. Joorn. Sd, xxnn, p. 61, igog. 

Disk plump and relatively large, the five rays being; very short and 
blunt, with the ambulacra) grooves and plates turned upward and 
reflexed upon the upper surface nearly to the base of the rays, or 
about even with the shallow interradial an(^. Radii, 33 nun. and 
28 mm. ; ratio, i : i^. 

The central dorsal oscule is well developed, surrounded with 
slender, webbed, projecting spines, in five groups of e^bt to ten each. 
The dorsal surface is covered with a multitude of crowded slender 
spinules, which project above the marsupial membrane and give 
almost the appearance of velvet pile ; but in some places they form 
more or less evident divergent stellate clusters of twelve to twenty 
spinules. Seen fnnn within, these spinules are slender, 2 mm. to 
3 mm, long, very divei^ent, supported by slender cdumnar paxilke. 

The ambulacral grooves are broad and shallow. The ambulacral 
plates are somewhat bilobed at the inner ends, and distally are some* 
what imbricated. The adambulacral spines are long and slender, 
about five <»■ six in a transverse row, of which the two iimer ones are 
very small and slender, not half as long as the outer ones, of which 
there are three or four, about 3.5 mm. long. 

The appressed actino-marginal spines are distinctly longer, about 
twice as stout, and Uunt proximally on the ray, but distally, on the 
upturned part, where they are crowded, they become about equal in 
length to the adambulacrals and scarcely larger; those near the 
interradial angles are flattened and enlarged distally; the valves at 
the peractinal pores between thdr bases are very acute, small, and 
slender, as seen edgewise, but when removed they are acute-triangu- 
lar, and curved proximally. 

Departure Bay, British Columbia, 23 fathoms, mud and sand, 1908 
(C. H. Young, Canadian Geolc^cal Survey). One, dry and staffed. 

The jaws and entire oral region have been destroyed by the pre- 
parator. Therefore its relations to some of the other species are 
uncertain. It seems to be nearest to P. iesselattts, of which it is prob- 
ably only a variety ; some of the differences are probably due to imma- 
turity. The mode of preparation and drying may have mcreased 
the size of the disk considerably. 
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PTERASTER MIJLTISPINUS Clark. 
PttraHtr tnultupimu H. I. CiAUC, Proc. Boston Soc N»L Hist, xxtx, No. ts, 
p. 336, pL m, figB- i> 3, igoi. Fiiher, op. cit, 1911&, p. 359 (d«icription 
co^ed from Cbrk). 

The type specimen, which I have studied in the coOections of 
Columbia University, is a small five-iayed specimen, with short, 
tapered, subacute rays, broader than long, with the small tips turned 
up a little at the ends. Radii, 18 mm. and 27 mm.; ratio, i: 1.5. 
It is probably youi^; it is preserved in alo^ol. 

Disk a little convex, covered with small, numerous, slightly pro- 
jecting spinules; there is no defined mai^, tlie borders beii^ 
rounded and the dorsal membrane continuous to the under side in the 
interradial areas. The dorsal membrane is rather firm, with very 
small spiracular pores, inconspicuous except distally on the rays. 
PseudopaxilUe are hour-glass shaped, rather high, bearing e^ht to 
tea, or often more, spinules. Oscular opening rather large, sur- 
rounded by five clusters of webbed spines, about six in each group, 
the central ones larger. 

Ambulacral feet in two rows. Adambulacral fans of spines are 
oblique, each with five or six spines, webbed to the tips. The inner 
one is much the shortest; the outer three are longest. Appressed 
retroambulacral spines arc mostly short. Therefore there is no 
marginal free et^e with a fringe of spine-tips along the rays, such 
as is conspicuous in P. militaris and many other spedes, but some 
of the spines in ttie interradial areas are rather long and slender. 

Peroral spines slender, six on each angle of the jaw, webbed 
together. Epiorals two, rather large, slightly swollen distally at 
the translucent part; tips acute. Peractinal or s^;mental pores 
widi a narrow spinifonn valve, as seen edgewise, in natural podtXKi. 

(?) Puget Sound (Columbia University Expedition, 1897). 

This looks very much like a young specimen of P. Usselatus, 
younger than any of the latter that I have seen. The apparent ladc 
of nimieroas spiracles on the disk is due to the strong contraction of 
the intcffument in alcohol. It often occurs in P. tesselatus also, 

PTERASTER GRACILIS (Clark) Verrill. 

Rttatitr graeilit H. L. Claik, Proc Boston Soc N»t HiiL, xxix, p. 326, 

pi. m, figs. 3, 4, i8b7. 
Pttrasttr graeilis VnaOL, op. cH., igoSh P- 555- Fuller, op. cit, igii, p. 349 

(description copied from QaHc). 

This is a five-rayed species, of which I have studied the type at 
Columbia University. It has the radii about 9 mm. and 18 mm. 
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Tbe rayt are about as long -as broad, acute, 8%btly turned up at 
tips. It is endently young. It was preserved in alcohoL 

Dorsal surface retkulated, due mainly to the slender, diveigent 
spinulea of the pseudopaidllse. These spimtles, which form stellate 
groups of six to twelve or more on the slender paxilhe, are long 
and thin. Oscular opening small, surrounded 1^ five groups of 
small spines. 

Adambnlacral combs of spines c(»tain four to six, most often 
five. Of these the inner odc is very small ; then three or four much 
longer, subequal, central ones. Retroambulacral spines Imger and 
larger, horizontally wdibed, and partly erect. The horizontal web 
has a free edge paralld witii the ambulacral groove. Peractinal 
spiracles small, with a narrow valve, free laterally. 

Jaws with five wd>bed and graded spines, the apical ooes modi 
the larger; lateral ones small and slender. EfMoral spines two, large; 
distal half nearly transparent; base swoUai, white, opaque; tips 
tapered, slender, acute. 

Ambulacral feet in two rows. 

( ?) Puget Sound (Columbia Universi^ Expedition). 

This may prove to be the young of P. tesselatus, when spedinens 
of intermediate sizes can be studied. The smallest typical example of 
the latter known to me is 80 mm. in diameter. They agree in the 
shortness of tiie retroambulacral spines, which do not reach the 
margin of the disk in either case, but end in a raised submarginal 
web, parallel with the groove. The differences that exist may very 
likely be due to age and mode of preservatitm. I see no reason for 
referring this species to Retaster. The reticulating lines, mentioned 
by Clark, seem to me to be merely very slender, divergent paxillary 
spinnles, not muscular, nor cartilaginous fibers. Such muscular fibers 
as were noticed by me were very feeble and irr^ular. 

PTERASTER MIUTARIS (MiUler) MiUIer and TroscheL 
Atttrias miiitaru MCiua, Zool. Dan. Prod., p. 334, 1776. Rathkc, Zoot Dan., 

IV, p. 14, pL cxxzi, 1806. 
Pteraster mSitoris Molur and Tboscmil, Syst Aster., Suppl., p. laS, pi. vu 

fig. I, 1843. Stimpson, Invert Grand Hanan, p. 15, 1853. M. Sars, Oven, 

Norges Echinod., p. 48, pL in, figs. 8, 9^ pi. iv, figa. 4-6^ 1861. Duncan 

and Staden, op. cit, p. 46, pL in, figs. 13-16. Danielsten and Koren, op. 

cit, p. 70, pi. xm, figs. 18; 19, 1884. Verrill, Expl. br the Albatross, p. 

541, pi. xiit, fig. 35, 1885; DiBtrJb. Echinod., p. xa. 1895. 
Pttrasitr miUlaru Fisaia, op. dt., igio, p; i^; op. cit, ignb, p. 346^ pL 
xcvm, figs. 1, a. 
This well-known Arctic and North Atlantic species has been 
described by Mr, Fisher from several stations off the Pacific coast. 
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all from northern Alaska and Bering Sea, in 41 to 344 fathoms, 
except one, from the Straits of Fuca, in 100 fathoms. 

It is found on both coasts of the North Atlantic, in 10 to 530 
fathoms. On the East American side it ranges south to Cape Cod. 
Common in die Bay of Fundy, in 10 to 50 fathoms. On the 
European side it extends south to Norway, Scotland, and England. 
Common in Barents Sea, Spitzbergen, Kara Sea, Greenland, etc It 
is evidently circumpolar in distribution. 

Some of Dr. Fbher's specimens were unusually large. He gives 
the radii of one as 33 nun. and 7$ mm. ; ratio, 1 : 2.2. 

PTERASTER PULVILLUS M. Bars. 
Pterasttr puhiiOut Sabs, Overs. Noises EchinotL, p. 6a, pi. vi, figs. 14-16, pb. 
m, nu, 1861. Verrill, Amer. Joum. Sd., xn, p. 371, 1878; Distrib. 
Echinod, p. ao3, op. dt, 1895. ^•her, op. dt, igiifr, p. 358, pi. en, 
fiss-3.4- 
Two specimens of this Arctic and N<m1Ji Atlantic species are 
described by Fisher from off Bering Island, in Bering Sea, in 72 
fothoms. 

On the eastern American coast it is rare. It has been taken off the 
coasts of New Hampshire and Maine, and in the Bay of Fundy, in 
20 to 1 1 1 fathoms, and northward to the Grand Banks. It has been 
recorded from the Arctic Ocean, Barents Sea, Kara Sea, Spitz- 
beigen, etc On the European coast it ranges southward to Norway. 

PTERASTER MARSIPPUS Fisher. 
Plensttr mortif^itt F^Hia, op. dt, 1910, p. 16S; op. dt, igitb, p. sSf, fi- 
C fig. i; pL a, fig. 3; pL cxv, fig. 4; pL cxn, fig. i. 

A huge, stellate, five-rayed species. Radii, 40 nun. and 100 mm. ; 
ratio, 1:2.5. 

Dorsal membrane thick, smooth, without many prominent paxiUary 
protrusions, but with a few calcareous spicular deposits. It has so 
few or small spiracles that they were not visible, as preserved. 

Adambulacral combs, proximally, have five spines with stroi^ wd) 
and sacculus extending beyond tips. A longitudinal, narrow web 
between successive combs, at the outer border. 

Tube-feet crowded so as to appear to be in four rows, except in 
young. 

Berii^ Sea, in 52 to 351 fathoms, southward to the Aleutian 
Islands. 

This species, in the partially four-ranked arrangement of the tabe- 
feet, j^roaches Diplopteraster. 
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PTERASTER OBSCURUS {Perriw) Doderlein. 
Hexatter obteurtu Peuux, U*m. Soc ZooL Franc^ iv, p. ^, 1891; Res, 

Camp. Sci., xi, p. 41, pL in, tigs, i, to, t8g& 
Pienuier {Ttmnattgr) ktxaetis Vdull, Proc Nat Mus., xva, p. 375, 1894. 
TtuMUtttr ktiaetis Vduix, Amer. Journ. Scl, xux, p. aca, iSjS. 
Htxatttr obKunu \miu^ Reviiioii, Tniu. Com. Aoul., z, p. 371. i^OO- 
Pttrailtr ocUuttr Vnuu, Amer. Journ. Sd, xxTm, f. 61, fig. t, igog 

(vKirty). 
Plerasltr obseunts FiSHn, op. dt., 1911^, p. 363, pi. ct, figt. I-4; pi. cvi, 

figs. I, 3. 

The origina] description of P. hexacHs was as follows : 

" Disk broad, very higfa, evenly oHivex, with a rattier large central 
opening surrounded by circles of prominent, imbricated, and webbed 
^ines. Rays six, short, broad, tapered to blunt tips, their lateral 
margins convex. Lesser to greater ladii, about as i to 1.5. Lesser 
radii, 33 mm.; greater radii, 3a mm. to 35 mm., in the alcohcdic 
specimen ; heig^ of disk, 30 mm. 

" The surface of the disk is covered with very numerous small 
spinules, covered more or less completdy with a thidc skin-like 
membrane, and arranged in irregular, divergent groups. 

" The integument between the spinules is thick, smooth, firm, and 
everywhere perforated by numerous very small, round pores. 

" In each interradial region there is a narrow, radiating groove, 
lined with thick naked int^ument, destitute both of spinules and 
pores, but showing a wrinkled surface. These grooves commence at 
about one-fourth die distance from the dorsal center to the mai^in. 
In some cases there is only a small slit-like opening in the ui^r end 
of the groove, cnnmunicating with the ^>ace beneath the dorsal 
membrane, but in some of the interradii the slit is much larger and 
longer, reaching nearly or quite to the mai^^, and communicates 
with a large marsupial pouch, containii^ well-formed young, some 
of which were in the act of escaping when preserved. Apparently 
the slit-like openings are formed, or at least much enlarged, when the 
young are ready to come forth, and after their birth the edges of the 
slits may become again united. 

"The dorsal spines or pseudopaxills beneath the integument are 
lar^ge, stout, rather long, and sunnounted with a large divergent 
group of long, slender q>inules. In the interradial region, within 
t}ie marsupial pouch, there is a group of several lobed or branched 
p^mla: at the base of each paxilliform spine. The large spines 
situated along each side, within these cavities, have rudimentary 
spinules at the summit, which do not reach the outer membrane, so 
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that they stand free within the cavity, tiius leaving the membrane 
unsupported along the slits. On the ventral side the rays are nearly 
flat, and the disk around the mouth is deeply concave. 

" Kadi ray is broadest at the margin of the disk. The transverse 
adambulacral combs are oumerous and covered with a thick, firm 
skin, which entirely conceals the spines in alcohc^ic specimens. On 
the broadest part of the ray, opposite the maigin of the disk, there 
are mostly four, rarely five, spines of moderate length in eadi comb ; 
of these the cne next the groove is somewhat shorter than the two or 
three which succeed it, while the outermost is still shorter and 
directed more outward, so that the group has a some«4iat rounded, 
but not very elevated, scolloped maigin, the membrane receding 
somewhat between the points of the spines. The spines, when 
exposed, are rather slender, flattened, rot^, and truncate at the flat 
tip; b^ood the outer spine the web rapidly becomes less elevated 
and each c«nb lies somewhat obliquely over the one next beyond it, 
and becomes only a slightly elevated broad fold before readiing the 
maigin. These folds entirely OMiceal the appressed, outer adambu- 
lacral s[Mnes, which extend to the margins of the rays, but project 
very little if at all beyond it, so that the maigin is merely crenulated, 
or divided into small blunt lobes by slight notches. The spiracles, 
between the outer ends of the wd)bed adambulacral spines, are ovate 
pores, sometimes dosed by an ovate operculum ; but in other cases 
they are occupied by a small group of two or three short, papula-iike 
organs. 

" The jaws are surrounded by a marginal group of long, slender, 
wdibed qnnes, of which there are about four or five on each side; 
the two innermost are somewhat the larger. On the actinal side of 
the jaws there are also two much larger, isolated epioral spines, one 
OD each plate ; these are entirely covered by a thidc sldn ; when this 
is removed the siune is flattened, tapered, and blunt at the tip, with 
a rough surface, but not hyaline. 

" CdtoT, in alcohol, dull purple. 

" The ambulacral feet are large and in two r^;ular rows." 

The specimen described above as the ^rpe of P. hexacHs was 
taken o£F Newfoundland, in 57 faUionu, N. lat 43" 05'. The type 
of obscwHs Perrier was fnxn fbe Banks of Newfoundland, in 155 
meters. The few Atlantic specimens have all been six-rayed, except 
one seven-rayed specimen. It has also been taken at Spitzbe^en and 
Greenland. 
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Professor Fisher records it from a number of localities in Berii^ 
Sea, from Bering Strait to Bering Island and Unalaska, and off 
Kamchatka, in 17 to 85 fathoms. I have also had six-rayed speci- 
mens from the same r^;ioo. 

He has found that in Bering Sea it occurs with six to nine rays, 
but most frequently with six rays. The only nine-rayed specimen 
was a young one taken frran the marsupial poudi of an ei^t-rayed 
spedmen. One of my eight-rayed specimens also contained a nine- 
rayed young one. Some of his specimens were mudi larger than 
the one described above. The largest six-rayed specimen had the 
radii 43 mm. and 71 mm. ; ratio, t : 6.5. The largest seven-rayed 
one bad the radii 56 mm. and 8a mm. ; ratio, t : 6. His large 
specimens had five or six spines in the adambulacral combs, proxi- 
mally. He did not find genital, interradia] slits, showing that they 
are temporary, for the escape of the young, as suggested above. 

PTERASTER OBSCURUS, var. OCT ASTER Verrill. 

Pttraster octosttr Vmoi, Anur. Joam. Sd., xxnn, p. 61, 6g. 1, 1909. 
Fltber, igiib, pL en, fi(. t. 

The Pacific form with eight or nine rays, most commonly eight, 
seems worthy to retain the name octosttr, as a variety. The original 
description was as follows: 

" Disk large and plump; margins well defined by points of the 
actino-nurginal ^ines ; ra]rs eight, short, about as wide as long, sub- 
acute ; the ambulacra! grooves turn up but little at the tips. Radii of 
the largest example, 20 mm. and 30 mm. 

" Dorsal surface covered with a thidc membrane through which 
the tips of the spinules show but little as pretty uniformly scattered 
points ; in alcohol they form the apex of small, low, conical, fle^y 
elevations. Central oscule small, in alcohol inconspicuous, its short 
spines covered by a soft membrane. Ambulactal feet large, in two 
rows. 

" Adambulacral spines form combs of five or six spines, of which 
the innermost is much smaller and more slender than the rest, which 
are rather stout, tapered, subacute, divergent; the outer ones longer; 
the outermost appressed to the surface. Epioral pair of spines long 
and rather stout, tapered, translucent distally. The interradial areas 
are narrow, with rows of long, stout, imbedded actino-marginal 
spines, the ends of which project a little at the margin of the disk. 



>y Google 



SHALLOW-WATER STARFISHES VJ^ 

" Four spedtnens were sent to me by the U. S. National Musettm. 
Three were from Bering Island, collected by Dr. Stejneger and Mr. 
N. Grebnhsl^, tn iS8S. One was from Kamchatka, collected by 
N. Grelmitsky." 

Dr. Fisher records the eight-rayed fonn from Bering Strait, 17 
fothoms; Bering Island; and from the Prtbilof Islands, in 36 
fethonu. 

He states that he has taken seven-rayed, ei^t-rayed, and nine- 
rayed young from the gonocodium of a single eight-rayed specimen ; 
and six-rayed young from a seven-rayed spedmeiL This shows that 
the number of rays is of no great importance in tbis species. The 
young, when they leave the pouch, are from 12 mm. to 20 mm. in 
diameter (teste Fisher). 

One of the eight-rayed specimens described by me was in the 
act of gtvii^ birth to a nine-rayed young one, about 12 mm. in 
diameter. In that specimen the interradial slits were well marked, 
with smooth edges (not ruptured), not only where there were young 
beneath, but also in the interradial areas where there were no yotu^. 
The arrangement of the paxillary spines in the interradial areas, is 
such as to facilitate the formation of the slits. Whether there is 
a sexual difference in this respect, I do not know. 

The species of this genus mi^t be tbou^t hermaphrodite, for it 
is rather unusual to find adult specimens that do not carry youi^. 
But Professor Fisher has dissected a large specimen of P. jordaiU 
which proved to be a male, not differing externally from the females. 
Probably the males are fewer in number than the females. 



Genus Pterasterides Verrill. 

Type, PttratUr tfonu Lndwiff. 
PUratttridit Vhull, Amer. NatnnUtt, xua, p> 547i September, tgcQ. 

Differs from Pteraster in being destitute of a notable central 
dorsal oscnie and in having groups of spines around the dorsal pore 
which do not reach the supradorsal membrane. In other characters 
much like Pteraster. Numerous young were found in the nidamental 
cavity by Professor Ludwig. 

Professor Fisher thinks that the type was merely an abnormal 
Pteraster militaris. Ludwig mentions young taken frtnn the nida- 
mental cavity, but does not say that they disagreed with the mother, 
as would most likely have been the case if the absence of tfw oaculum 
was abncKinal, 
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PTERASTERIDES AFORUS (Lodwig) VerriO. 
Pteratter afonu Ludwig, ZooL Jabrb^ p. 393. 
Ptiratttridtt apor%t Vmnx, Amer. NatartlUt, xun, p^ 547, 1909. 
I have not seen this species. The original descr^idon follows : 
" The radins of tfic disk is 35 nun., that of the arm, 96 mm. 
Wtiere the anns branch off from the disk, the width is from 40 mm. 
to 43 mm. Both disk and anns are somewhat flattened. The sapia- 
dorsal membrane is rather thick, soft, with corrugated (wrinlded) 
upper surface, through which calcareous spines in no wise protrude; 
in its outermost layer are found, on microsoopic investigatioa, 
numerous reticulate little calcareous bodies, from the outer surface 
of which small pointed spinelets project. The paxilhe, which support 
the supradorsat membrane, coosbt of a pedicel (stalk) from a mm. 
to 3 mm. long, from the uiq>er end of which, as a rule, four mudi 
thinner spines, about 5 mm. long, diverge. On the inner dorsal skin 
the paxillK are inserted at intervals of 3 mm., on the average. The 
calcareous net of tiie inner dorsal skin, on the knotted points erf 
whidi the paxillte stand, is made up of m(M« or less dongated calca- 
reous plates, which pardy overlap the knotted pMOts of the network, 
like tiles. In the circumference next to the large anal opening into 
tiw nidamental cavi^ are some noteworthy thidc paxilbe, which bear 
on their upper ends a great number of qnnes. On the under side of 
these starBshes one may count, on each arm, over fifty pairs of little 
feet and a corresponding number of fins (or combs). Towards the 
exterior ^xt overiying marginal border is so wide that it readies to 
the edge of the aims. All the ^Mues of the marginal border and of 
the combs are envdoped for their lei^th in a rather thick and soft 
roemlvane. In each comb lie from eight to nine spines, of which the 
two innermost, standing next to the ambulacral furrow, are very 
weak and much shorter than the six to seven outer ones, which are 
strong and of about equal size. Between the combs may be seen the 
large s^mental apertures furnished with dapper-shaped aperture- 
pafnlke. At die mouth, each jaw carries an oral cmnb, whidi bears 
six s[Hnes (' mouth-spines proper,' Sladen) and ts not united with its 
neighbor. Towards the exterior from this comb, on each jaw, is a 
tig^t, curved, rarely strcmg, single spine (' seccmdary moutb-spine,' 
Sladen) which likewise is covered by the soft skin. 

" From all the species of Pteraster now known {it^itans Muller 
and Troschd, ptUvillus M. Sars, naUHpes liL. Sars, copenjis Gray, 
cribrosus v. Mart, damt Verrill, a/Ktiis Smith, mgahu Sladen, 
stellifer Sladen, sfmiretiniiaitu Sladen, carribaus Perrier), the 
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present unique example, of whidi unfortunately no previous original 
account exists, may be distinguished in a conspicuous maimer by the 
absence of the so^alled oscular orifice of Sladcn, in tbe supradorsal 
membrane (coaq>. because of this and some others amoi^ the fcd- 
lowing required characters: Sladen, Astertudea of tbe ' Challenger ' 
£3q>edition, Preliminary Notice Part I, Pterasteridse; in Joum. 
Linn. See., London, xvi, p. 191, 1883). If all other characters did 
not correspond with those of the genus Ptertuter, one would be war- 
ranted in founding a new genus on the above-menticned absence of 
the so-called oscular orifice. As I propose to give in another place a 
more detailed discussion of the organization of this new species, and 
a description of the numerous quaoti^ of young forms found in the 
nidamental cavity, I shall ccmtent myself for the present with a short 
account, setting forth tbe evident differences between this and other 
known species." (Ludwig.) 
Bering Sea, c^ St George Island, in 30 meters (Ludwig). 

Genus Oiplopteraster VerriU. 
DiHoptentttr Vhull, Amer. Joum. So., xx, p. ^», iSSo. Fisher, op. dt, 
19116, p. 370- 

Thick, pentj^cHial, or short-rayed, with a thidc outer integument 
containing strong reticulated muscle bands. Marginal membranous 
ffdd wide and thick. Oral spines webbed together. Tube-feet in 
four TDWS. Fans d adambulacral spines and furrow-series alter- 
nately larger and smaller, and alternately placed farther forward 
and bade 

In life, the surface secretes a large amount of mucus, when taken 
from the sea, and emits stnmg phosphorescent 1^^. 

When fresh the surface appears smooth tx nearly so. In pre- 
served and contracted specimens the larger paxillary spines push up 
i^ainst or through the dorsal membrane, so as to give it a more or 
less bristling or sptnose appearance, as ha{q>ens in most other 
species of Pterasterids. 

OIPLOPTERASTER MULTIPES (Sars) VerriU. 

Pttrmter mulHpes M. Sass, Vidcntk. Sclikabi. FortundL, 1865, p. aoo; Fmuni 
litt Norvegue, p. 65, pi. nn, figs. 1-17. t877. 

Reiotttr T mulH^tt Sladkn, op. dt, pp. 477, 478, Soo^ 1^69. 

Diplopttratttr mulitptt VnuLL, Amer. jonra. Sd., xx, p. 400, 1880; Ann. 
Report U. S. Fuh ComnL, for 1883, x, p. 659, 1884; op, dt., xi, ExpL 
bgr the AlbotroM in 1883. p. 549. pL 14, fig. 43, 1885; IMatrib. Edunod, 
op. dt, 1895. p. MS. Fl^er, op. dt, igiib, p, 371, pL cm, Sgi., i, 2. 
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This large Nortii Atlantic and Arxitic species has been recorded 
from the Pacific side by Professor Fisher, from several statioos to 
Bering Sea and off the Aleutian Islands, in 8i to 350 fatlumu, and 
also fr<»n off Sao Diego, California, in 628 to 640 fatb<Hns. 

On the Atlantic side it has been found at many stations between 
N. lat. 44* 36' and 37" 0/ 50*, in 70 to 640 fathoms. Most oommoa 
between 100 and 300 &th<»ns. 

It extends southward on the European coast to Norway. Also 
recorded from Barents Sea and off Japan. I have seen no Pacific 
specimens. 

Although it has not been taken quite within the limits of this 
report, it is introduced here 00 account of its distribotion as a cir- 
cumpolar species. 

When first taken from the sea I have observed that Ais species 
is highly phosphorescent. It discharges a lai^ amount of thidc 
mucus to which the phosphorescence seems to be due. 

The integument and wide marginal fringe, when fresh, are very 
soft and thick. 

Order PHANEROZONA Sladen (emended). 
Phamtroaoma (euMtMlcd) Slaikm, Voyage ChallenKcr, Zooi, xxx. Introduc- 
tion, pp. xxnn, xu, 1889. Vcrrill, Revision, Trani. Conn. Acad, x, 
p. aoo, [899. Pisber, op, dt, igiifr, p. 17. 
Vatvota + Ptutillom (ma orders) PnuB, in VLim. Eloiks de mer, Antilles 

etc., p. IS4, 1884- 
Vatvata + PojeiUvm PntUB, ExpM. Trav. et TalitnL, pp. 33, 33, aS^ ap, 1894; 
Risaltaa Camp. Sdcntif. Albert i. Prince de Monaco, fuc xi, p. t6, i8g6L 

This order includes starfishes varying in form from pentagonal 
to stellate, with long rays. They have two rows of lat^e and thick 
marginal plates (rarely but one distinct row, as in Luidia), which 
are in contact and usually form a thick, nearly perpendicular mai^in. 
They are nearly always larger than the dorsal and actinal plates. 
Papular pores are generally confined to the upper surface and usually 
placed singly, often in q>ecial areas. Dorsal plates various. Their 
surfaces may be closely covered with angular tesselated plates, which 
may be naked, granulated, or covered with a smooth skin ; or they 
may take the form of pseudopaxilUe, protopaxilbe, or true paxiltse,' 
especially in Paxillosa. 

'The various fomu of pazilUfomi plates were thns diitingniafaed by me 
in 1894: 

"True paxilUr *re columnar or bour-glau-sbapcd ossicles, aiually with 
isolated, drcuUr bases, wbicb bear at innunit a trroup of small spimiles, 
of which the marginal series are ntttally different from the rest and dtvergent, 
to as to cover the intervening qwcea between the spines, thus forming 
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In some families the plates are reticulated osucles, smooth, or 
bearing large spines or tubercles as in Oreasteridae. In other cases 
{Porania, etc.) a thick sidn may cover and obscure the plates. 

The interactinal plates may be few in stellate forms or many in the 
pentagonal fonns. In the latter cases they are usually arranged in 
definite rows, most often parallel with the adambulacral plates, the 
latest formed ones being situated next the median, interradial, mar- 
ginal plates. 

The interactinal plates are most commonly tesselated and granu- 
lated, or else in the form of pseudopaxilbe or protopaxillx; but they 
are sometimes spinose. They may be more or less imbricated by th«r 
edges or lobes. 

Adambulacral plates are not compressed, rather large, usually 
quadrangular, and commonly bear numerous small spines, various in 
arrangement. 

Ambulacral plates are rather large, not compressed nor crowded. 
Ambulacra) feet are in two rows, with terminal suckers in Valvo- 
k>aa ; but in the Paxiltosa targe and pointed, or witboat suckers. 

A median, dorsal, nephridial pore or psendanas is generally pres- 
ent, but often absent Madreporic plate various. Dentary or oral 
plates are often lai^, with numerous oral spines. 

fatciotci. These arc highly developed in most spedu of Atirofiecltn and 
Luidia. 

" SpiMopaxiUti are of the sune gieneral structure, bat the center of Ac 
tnnunit ia occnpied by a distinct spine, or by more than one. Such fonns 
occur on Luidia, Ponlatttr, eta 

"ParapaxHtm are lower and broader, rounded, or stellate ossicles, or 
angular plates, with a raised central portion, tabulate, truncate, or lite a low 
cone. They may be cither isolated or articnlated by their bases. The sum- 
mit is covered with small, short, differentiated spinoles, like those of true 
paxilhe. Those on the dorsal surface of Plulonatttr are examples. Thqr 
sometimes bear a central spine. 

" ProtopaiilUi are similar, but less elevated, convex ossicles or plates, 
covered with round or antrular granules, with the marginal series dif- 
ferentiated and more or less corcriiqi the grooves between the plates. A* 
in the preceding, there may be a central spine in some cases. This form also 
occurs on Plutonaster, and on many species of Goniasteridc The transition 
from this last Idnd to simple, uniformly granulated plates is easy, when the 
grooves between the plates become obsolete. 

" PttMdopaiilUi are articulated plates with a flattened, uaually kibed, and 
often overlapping base, which bear a group of slender, fascicled or divergent 
s|dnulet on the more or less raised central or subcentral area or boss. These 
luve no differentiated marginal scries of ipinnles- This form is seen in 
Solasttr, Htnricia, etc." 
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PedicelUrue are sometimes lacking, but usnally i»«Knt and some- 
times large. They may be bivalviilar, sessile and seated over a pore 
(foraminate), or imi^anted ic special pits on the i^atea (fossate) ; en* 
else papilliform or fasdcolate, composed of two to four <»' more 
modified, convergent spinules ; or pectinate, consisting of two comb- 
like groups of spinules convei^ent over a suture between two 
adjacent plates, as in LutdiaiUr (see pL xxxiv). 

The sMsile valvular pedicellarix with a pore between the valves 
are called foraminatt; they may have two, or more than two, valves 
{hivoinmlor and trivalvular, etc). In the suborder Valuulosa they 
are often provided with a pair of pita or fossz, into which the valves 
fit when widely open. The valves in these are often ^latulate, spooo- 
shaped, toi^s-diaped, or battkdore-sluqied, and usually may best 
be called piataleifoTm or jpatulate. When furnished with receiving 
pits, they have been called txeavate; but fossate seems to be a more 
apprc^riate term. 

The peculiar papilliform pedicdlaric of the Paxillosa, with two to 
four «* more slender valves, apparently formed by modified spinules 
or granules, are also found in certab of the Valvulosa. S om et im es 
such pedicellariae are found associated with larger valvular pedtcd- 
brix on the same specimen, as in the genus Nymfhaster, and in a 
few other genera. 

The writer, in a revision of the classification of the Asterioidea, 
in 1899, proposed a rearrangement of the families and subfamilies. 
That general arrangement is here adopted, but with various changes 
made necessary by subsequent discoveries.' 

Order PHANEROZONA. 
Suborder I. VALVULOSA Verrill = VALVATA Perrier 
(sense extended). 
Fanrfly I. OPHIDIASTERIDM Verrill, i967=Liiickiad<e 

Perrier, 1875. 
Family II. VALVASTERIDM Fisher, 191 1. 
Family III. ASTEROPIDJE Fisher. 1911. 
Family IV. OREASTERIDM Fisher = Pentaeerotida Gray 

(restricted). 
Family V. MIMASTERIDJE Verria 
Family VI. GONJASTERWM Forbes (restricted), indudei 
Anihen«ida Perrier (restricted). 

'Dr. Fitber <op. dt, 1911b) haa adopted k very aiinilar arrancenieitt of die 
{■inilics and inbfamiHci, with »evenl dungci, which are here mat&j ac- 
cepted. Some small extralimital groaps are not indaded in thU table. 
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Snbbmily I. GONlASTBRtNX Verrill = Penlagcnai- 

terina Sladen i,pors). 
Snbflniil; II. PSEUDARCHASTBRINM Sladen. 
Siib&mily III. MBDIASTERINM Vmill. 1899. 
Slbfamil; IV. NECTRIINM ¥mia;F>Aa. 
Subfamily V. HIPPASTERIINM Verrill 
Snblaimly VI. ANTHENEINM Fiiher (semereMricttd). 
Snbbmily VII. LEPTOGONASTERINjE Perrier. 
SabfanOy VIII. CHITONASTERINJE raher. 

Ftniily VII. ODONTASTERIDJE Verrill = CiuthutmiKr 

Perriet {pars). 
Family VIII. CHJETASTERID£ Lndwig. 
FamUy IX. ARCHASTERIDM VerriU (latrictcd to Arch- 
astir). 

Suborder II. MYONOTA Ludwig. 
Famfly X. BENTHOPECTINIDM VerriU = BeMhoptc- 
Hning Verrill, 1894. 

Subfamily I. BBNTHOPECTININX VerriH, 1894. 
Subfamily II. PONTASTERINJE Verrill, 1899. 

Suborder III. PAXILLOSA Perrier (sense restricted). 
Family XI. PORCELLANASTERIDM Sladen. 

Subfamily I. PORCELLASTBRINM Sladen. 
Subfamily II. CTENODISCINJE Sladen. 

Family XII. CONIOPECTINIDJEVmm. 
Family XIII. ASTROPECTINIDJE Gray (restricted). 
Family XIV. LUIDIIDJE Verrill = LuUmui SUden. 
It will be noticed that in the above arrangement the family Arch- 
asteridise of Perrier, 1894, ia divided among five distinct families 
and subfamilies. Most of his genera are now placed in the Pseud- 
archasterinse. 

The subordinal name Valvata I have here changed to Valvulosa, 
partly because it is not strictly identical with Valvata of Perrier, 
and partly to make its terminatioo correspond with Paxilloea. 

In the arrangements of Perrier, and of Sladen, Vahfosler is made 
a subfamily, Valvasteritue, of the family Echinasteridse. Fisher 
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makes it a family of Spimilosa. The reaaons for tbia are oot very 
evident, for Valvaster has a series of large, broad, valvular pe<Ucel- 
hrise on the niperomarginal plates, which are not otherwise found 
in the family Echinasteridse, nor in the order Spinuloaa. Moreover, 
it has erect bivalve pedicellaric on the actinal and adambulacral 
plates, with large mai^inal plates in two rows, and is, therefore, 
phanerozonate. These characters and its jaws and odontophore 
indicate that it belongs to the suborder Valvulosa. 

It should, in my opinion, form a separate family, Valvasteridse, 
near Ophidiasteridse, but peculiar in having the dorsal ossicles reticu- 
lated and bearing solitary spines in longitudinal rows. CMontophore 
with articulating tubercles, as in Ophidiasteridx ; jaws pointed. 
Actinal plates bear flattened spines. The ambulacral suckers have a 
rosette of calcareous deposits. 

The former subfamily Mimasterinx I have here raised to the rank 
of a family, to include only the genus Mtmaster, which seems to be 
a rather isolated form. 

The families of the above list represented witfitn our limits are 
Nos. I, III, VI, VII, X, XI, XIII, XIV. 

Suborder VALVULOSA Verrill = VALVATA (Perrier), 
emended. 

I'altmhtx (order) Pnam, Honv. Arcb. Mm. Hitt. Hat, n, 1885. 
Valvata (order) Pmm, ExpU., Trav. et Taliun., pp. xa, 33, aB, 39, iSm. 
Vahata (■tiborder) Vauni, Reriuon, Traiu. Cood. Acad, x, p. aao, i8g{i. 

This extensive group includes starfishes with stellate or pratagonal 
fonns, usually rather stiff in appearance, and nearly always five- 
rayed, in whid) the dorsal plates arc most ccnnmonly tesselated and 
granulated, or else take on the character of protopaxilUe or pseudo* 
paxillae. Sometimes they are naked ; often spinose ; very rarely truly 
paxilliform; sometimes covered by a thick, smooth, or granulated 



The various kinds of abactinal ossicles pass into each other by 
various intermediate forms, so that it is impossible to draw any very 
strong or sharp family lines on this character alone, though the 
character of the plating may generally be taken as of generic value. 
Sometimes they are openly reticulate; rarely (Asteropidae) they are 
partly abortive. 

Pedimllariie are often lacking; when present they are usually 
valvular, foraminate and sessile, or fossate. The valves are other 
granuliform, or large and broad, or narrow and spoon-shaped, 
plataleiform, spatulate, or battledore-sh^>ed, rarely pap^liform. 
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Actinal plates are usnally rather numcFous and tesaelated or 
imbricated. Adambulacral ^ines are usually numerous and papUli- 
form or spinifonn. A distinct dorsal pore (pstudttnus) is usually 
present. Genital pores generally ten, usually all separate, situated 
in the dorsal interradial areas ; scnnettmeg serial on the sides of the 
rays. Oral plates usually large and convex on the actinal surface. 

Superambulacral plates are present in some genera, absent in 
others. The existence of superambulacral plates has formerly been 
supposed to be characteristic of the Astropectinidx only, but they 
exist in several of the genera here referred to Vahmlosa (viz., 
iSediaster, Dylaster, Pseudarehaster, etc), and in other groups. 

Adambulacral plates wide, with a longitudinal group of small 
furrow-spines and with one or several spines oa the actinal side, 
often becomii^ much longer distally. Dentary or jaw-elates large 
and usually convex on the actinal surface, bearing numerous oral and 
epiofal spines. 

Ambulacral feet large, with suckers. Owing to the generally close 
mitcMi of the ossicles, especially of the large mat^tnal plates, most 
of these starfishes are rather rigid, showing much less flexibility than 
in most other groups. The Ophidiasteridse are exceptional in this 
respect, for tbey are mostly very flexible. 

Family GONIASTERID/E (Forbes), emended VerriU. 
iionituterida {pars) Poans, 184OL Vfrrill. Trans. Coiia Acad. ScL, t, p. 343i 

tSQ?. Perrier {fart), Reviuoa, Arch. ZooL Exp£r. et Gte., ir, pp. 3B1, 

afia, aSg, agi. 1^5; op^ dt, v, p^ i, tbj6. 
Pt»iagi»mttriitm Vicum {part), rabfamilr, op. dt, m, p. t(S6i pL x, (igs. 

30-35, rt^ 
Ptntttc*rotid» (pars) Gsay, Sjnopn*, p.- 5, 1866. 
PtHtagoncuttrid» iparj) Pnun, op. dt., p. a$t, 1884. Sladco (pars), op. 

dt, pp. a6oi 364, 188B. 
Gomasitrida Viuill (restricted), Reriiion, in Trans. Omul Acad. ScL, x, 

p. 145, iSgg (fi9« Viguier). Fisher, op. dt, 1911b, pi ijflL 

I%anerozonate starfishes usually having a rather broad, flat at 
slightly convex, rather rigid disk, sometimes nearly pentagonal in 
form, but often stellate with more ot less prolonged rays. Mar- 
ginal plates usually large and thick, forming a thick, nearly vertical 
margin, the two rows equal or subequaL 

Dorsal plates various, but usually tesselated, polygonal, or round- 
ish, sometimes k>bed ot substellate, or united by internal ossicles. 
They are commonly granulated or protopaxilliform, sometimes 
spinulose, or bear tubercles or spines ; rarely naked, or covered with 
■oft sldn, with ot without granules or pedicellarie. 
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loteractnud pUtes usually numerous, uigulu-, tessdated, or indni- 
cated. SoperambuUctal plates may be present or absent. Tube-feet 
are in two rows and have sudceri. 

PedkeUarae nsnaOy present, often laif;e, usually twnlve, but may 
be malttvalred, foraminate, more often fossate. Tbty may occur on 
any of the [dates, or on the tbick sldn that covers tbem in some 
genera {AntluHeo, etc). 

NOTE ON THE EARLY GENERIC NOHENCXATURE OF THE 
GONIASTERIO£.' 

The name PetUagonaster, as used by Ltnck, dea^ated a composite 
group of pentagonal starfishes of ^lis family and others ; but Lindc 
was not a binomial writer. Gray, 1840, was die first bincxmal writer 
to adopt Linck's name. He restricted it to a small group, afterwards 
named Stefhmaaer by Ayres (type P. pvUhellm), diiefly distin- 
guished by the swollen distal marginal plates. To diis type Pentag- 
onaster most evidently be restricted. 

Goniarttr L. Agassiz, 1835.* This generic name was also intended 
to include all die pentagonal starfishes then known to him, that are 
now referred to Goniasteridie and Oreasteridx. 

Among the species named by Agassiz was G. tesselatus Lam. 
J. E. Gray, in 1840, restricted Goniaster to the latter, as he had a 
perfect right to do, and his use of the name must be maintained. 
For another of the species {equtstris), cited by Agassiz, Gray 
estaUished the genus Hippasteria, at the same time. The first and 
the third species were placed by Gray in his genus Pentaceros, now 
Oreaster (M. and Tr.). 

The spedes named by Agassiz (see foot note 2, this p^^) thus he- 
came the types of three genera in Gray's system. There is no reason, 
under the accepted rules of priority, for dianging his applicaticm of 
die first two of these generic names, for his ty^i are all well- 
known qiedes. 

It is possible, however, that it may eventually be dtougfat by some 
desiraUe to unite Gray's three genera — Goniaster (restr.), Pentag- 

' See also Verrill, Revision of Certain Genera and Species of Stai&faei, 
etc, Trans. Conn. Acad. Sd., x, pp. i46-i6a (Gonlatteridx). Fuber, W. K., 
Necessary Changes in the Nomenclature of Starfishes, Smithsoaiaa Miscell. 
Coll., ui, 1906, pp. 91-93 (historical), and op. dt, 19116, p. 163. 

'The species of Gowutir dted by Agassis (Prodronnu, 1835, p. 191) are 
as follows: First, G. retiaUatmt (now Oreaster) ; second, G. tqtttttris (now 
Hippatttna phrygiana) ; third, G. nodotiu (now Ortatter) ; fourth, G, ItttelO' 
tvs (the type of Goniajler Gray), 
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otuuter (restr.), and Totia (restr.) — into one large genus, for they 
are dosdy related. In that case the name Gomasttr shotdd be 
applied to the entire group, under which the other two names might 
be retained for subgenera or sections. Gomaster is certainly the 
earliest of these names, under the binomial system. 

The restriction of Gomaster to a species not mentioned by Agassiz 
{(Atusonguius Lam.), as has been done by Perrier and by Sladen, 
u entirely contrary to the rules of nomenclature, and quite unjustifi- 
aUe. Theref(He the latter was made the type of a genus (Pseudore- 
aster) by me in 1899. 

Astrogonium of Mailer and Troschel, 1843, should properly have 
been dro[^>ed from the system long ago. It was a very heterogeneous 
group, composed (as the authors themselves stated), of several of 
Gray's genera recombined. This unnatural combination has been 
rejected by many subsequent writers. It is a synonym of Grajr's 
genera. 

Astrttgoiuttm was nearly equivalent to the typical Goniasterinae, 
collectively. 

Hippasterict. The type of the latter was the first-named species 
of Astrogonium. 

Gray, 1866, endeavored to restrict Astrogoimm to a minor group, 
but his first and most typical q>ecies {grantiiaris) is a Tosia, accord- 
ing to Gray's definition of the latter. Others belong to very different 
genera. 

Sladen restricted it to the group named Pentogonaster by Gray 
and Sttphaiuuter by Ayres, which is contrary to the generally 
a»xpted rules of priority. Other attempts to restore it have been 
equally unfortunate. Perrier formerly used it for a section of 
Ptntagonaster. 

Goniodiscus MuIIer and Troschel embraced several diverse genera 
of Gray's system (as stated by them), such as Paulia, Anihtiua, 
Ramdasia, Nectria, Hosea. Their first ^>ecies (pentagomdus) , pre- 
sumably intended as the ^pe, was also the type of Gray's Anthtnea. 
Two of their species belong to Tosia Gray. 

Perrier, and also Sladen, have restricted it to several species 
referred to Hosea by Gray in 1847 and 1866. The latter genus was, 
however, foimded by Gray in 1840, with a single species (H. Aaxfes- 
cens Gray) as tiie type. Perrier, who has studied this type, states 
that it is a true Antheiua. If this be so, Hosea becomes a synonym 
of the latter. 
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Gray, in his later works, referred to Hosea several additwnal 
qiecies, which were described under Goniodisau by Muller and 
Troschel. 

The restriction of Goniodiscus to this residual group of species by 
Perrier, 1875, was indefensible as well as undesirable. This group 
of spedes,* as thus restricted, was characterized by having the 
abactinal radial plates "stellate," or polygonal with notched sides, 
and by small, narrow, forceps-like pedicellaria:, usually scarcely 
larger than the granules, and much like those of Tosia. 

But if the type is a young Cuicita, as stated by Clark, the name is 
obsolete. At least one speaa (Anthemo groHuiifera Gray), re- 
ferred to Goniodiscus by Perrier, who described the figured type, 
should probably be generically separated, for it has short valvular 
pedicellariie. 

The dx>ve discusskm was written almost exacdy in its present 
form in 1904, and was an extension of the notes on the same subject 
published by the writer in 1899. (Revision of Genera and Species 
tA Starfishes.) 

Professor Fisher (i9ii&, pp. 163-169) has since discussed the 
same subject in much die same way. His conclusions are so closely 
in accord with my own that it nti^t seem superfluous to print my 
results here. It is, perhaps, useful to do so, on the principle that the 
testimony of two is better than that of one. In this case, also. Dr. 
Fisher has been able to study the same t]rpes of Perrier that I had 
previously studied, in the Museum of Comparative Zoology, which 
adds to the value of the results. 

Another good reason for repeating these discussions is the fact 
that the prestige of the great work of Sladen and the several impor- 
tant works of Perrier has caused the adoption of untenable nomen- 
clature, even up to the present time, especially by several Eiyopean 
writers. 

In a very recent work (op. dt., 1912) Ludwig has very fully and 
satisfactorily discussed the genera Pentagonaster Gray and Tosia 
Gray, retained in the same sense as by me, in 189^ and by Fisher in 
191 1. 

"Tbia group baa recently (igo6) been renamed Goniediscidtt by Fuber. 
Type G. Mb» (Muller and Troachcl), imm Gray. He properly rejected 
Goniodiseut, because it was essentially a synonym of Gray's genera. In my 
renurka on thii group (1899, p. 149), the type was inadvertently stated as 
€tispi4at>u, instead of ttba. But Dr. H. L. Clark bas shown that teb* is 
only a young CtUcila, 
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He recognizes four species in eadi genus, thus reducii^ many 
nomina] species to synonyms. 
These genera are not found on other coast of America. The 

species are mostly Australian. 

SubfamUy GONIASTERINM VerriU. 

Gomiatttrmm VmtLL, RcmMon, p. 145, iflgg. FUher, op. dt., 191 16. P- ^^ 

(iocltidcs iiediasttrina). 
PnaaioMuUfimm (pari) Suams, Voy. CbaiUngtr, xxx, pp. 36a, 364, 1889. 

In diis extensive grot^ the dorsal and actinal plates are generally 
tesselated, pol^pnal, or rounded, often stellate, in pretty dose con- 
tact, or else with interrening plates or ossicles of small siie. They 
may be either granulated, or else smooth and naked, except for a 
marginal series of granules ; sometimes they bear large conical tuber- 
cles or spines. Papulae usually i^aced singly aronnd the radial plates. 
Pedicellariae, when present, foraminate and usually small, omunonly 
with slender, flat, spoon-shiqied or spatolate valves (plataleiform) 
and fossate ; sometimes with Urge, wide, [dain, short valves. 

Genus CBRAMASTER Verrill (as subgenus), Fisher. 
Atlrog<mmm Ifarj) Hfiun and Twchil, SrtL Aat, 1843. 
Ptntmgonatttr {Part) Famwt, lUviiion. p. ao, i8?6 (mm Gny, iSid). 
Pmtotonasttr (fart) SuuMor, Voy- Chall., xxx, p^ 364, 1889 (««» Graj). 

Pferrier, Exp, Trav. et Tiliun., pp. 389, 390^ 1894. 
TaJKO, lobcennt Ctnmaittr Vibuu, Rnition Genera, etc.. In Trans. Coon. 

AomL, X, pp. mS; 158. 160, 1899. 
Ctramatttr Fanxa, opL dt, igiit, p. 004. 
Pkiitmtuttr KdHua, Inveatigator Ezped, 1909, p. 74 (teste nahcr). 

Form, short-ra3red stellate. The marginal plates are very regular 
and generally correspond pretty dosdy in the upper and lower series, 
except distally; an odd interradial plate sometimes occurs abnor- 
mally; they are usually closely granulated, but sometimes have a 
small, naked central area, with rows of granules around the maigins. 
Apical plate small. The abacdnal i^ates of the radial areas are 
granulated, somewhat tabulate, thetr bases most often hexagonal or 
roundish, with lobes, and crowded pretty dosdy together, without 
^Mcial intervening or radiating ooonective osstdes, and usually 
without many secondary plates of small size ; diey sometimes extend 
to the apical plates. Superambnlacral plates are ladcing. 

Interactinal plates are tesselated and granulated. The papular 
pores are usually rather numerous, generally fdaced singly in the 
angles between the plates of tfie basal radial areas, and sometimes 
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ago vEuuu. 

on the oeotial part of the disk, bat not on die tnangnUr interradial 
areas, where the i^ates are angular and closely in contact 

The pediceUanc are often lacking; when present they are small, 
derated, usually with two, rarefy three, spatulate or ^won-shaped 
blades, higher than broad, and set in special fosse or pits of similar 
shape, in the surface of the plates. They may occur on any or all 
lands of plates, either above or below, or on both sides. 

Hie adambulacral spines are numerous, small and crowded. They 
KTade more or less into the actinal granulatitm ; the marginal furrow- 
series form a simple row of two to six or mc»e ; they are usually not 
much longer than those of the next series and not separated fron 
them by a wide spaoe, INstaUy, some of the qnnes of &tc second 
series usually become much laifier and longer than the rest 

CERAMASTER GRANULARIS (Retzius) VerriU. 

Plate IT, fignret i, 3; plate l, figures «, aa (detaila). 

Atltrias granilaris Rnzius, K. Vet Akad. Nya HandL, iv, p. 338; 1783- 

Mildgasrd, in Zo&L Diil, fai. m, p.. ift ^ tko, 1788. RetziiM, Dist. 

Syst. Aster., p. 10, 1805. 
Attrogomum gratmlart UOuaa and TtfoacaxL, Sytt Astcriden, p. 57, 1843. 

M. San, Ovenigt «f Norges Echinodermer, p. 46^ 1861. Gny, Synopsis, 

p. to, pL I, fig. 4, 18G& Venin, Ez[d. by the Albatross in 1883. p. SM 

pi. xviQ, figi. 48 and 48^ i88s- WfatteavM, Trans, Royal Soc. Canada, iv, 

p. 117, 1887. 
Goniasttr gnmmiarit LOtxek, Vidcnsk. Medd, nat Foren., p. 146, 1865. 
P*niagonv*tT gramUarit Pnam, Rivii. Stell. du Mns. Ardi. de Zool. Exp£r. 

et G^^ V, p. 40 (334), 1^6. Sladen, Voy. Chaltenger. xxx. p. adB, 1889. 

Bell, Catal. firitiab EdoDod. in Britiah Hatetnn, p. 73, id. x, figs. 4, 5, ti^ 

1893. Verritl, Dictrib. of Echinod., Amer. Joum. Sd., xux, p. 135, i895. 

Danielssen and Koren, Aateroidca, Norske Nordban Ezped., Z06L, zi, 

p. 58. 1884. 
Totia iCtnmatttr) groMMJoru Vmnx, Revinon Genera, etc, in Trans. CofUL 

Acad. Sd., X, p. itis, iQxK WbhoTet, CataL Invert E. Canada, p. tg, 

1901. 
The marginal plates, abore and bdow, are dosdy covered with 
similar and small granules. The plates of the dorsal surface are 
hexagonal on the radial areas at the bases of tfie rays, and are mostly 
transversely elongated, and surrounded by six papular pores, corre- 
spCMidtng to the angles. In tiie interradial areas they are transversely 
riiombic, often with the acute angles truncated, where porea inter- 
vene. AH are closely covered with small angular granules. 

The actinal interradial plates are crowded, polygonal, and closely 
covered with small, pd3^;onal, granule-like ^inules with rounded 
tips, about thirty on tiie larger plates, their size decreasing toward 
the maiginal plates, where they are Tery smaU. 
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The inner adambulacral spioules form a simple marginal row, 
witli three or four spines on each plate, of which the proximal is 
smaller and sets farther bade, bo as to be partly overlapped by the 
distal one of the preceding plate; the others are rather short, stout, 
blunt, scarcely tapered, about as long as the breadth of the adambu- 
lacral plates. Outside the furrow-scries, eadi plate bears an actinal 
group of about seven to eleven short, stout polygtKial spinules or 
granules, one of which occupies the center, while the others surround 
it; tiiose on the side next the furrow-series are much larger and 
somewhat longer than the rest. 

Oral s[Mnules numerous, short, stout, pol]^onat, seven or eight on 
the border of the dentary plate, and a median or sutural epioral 
group, consisting of a row of six to eight on each plate, with two 
shorter intermediate or central rows of tiiree or four smaller cmes. 

This is a truly arctic and circumpolar species. The description 
above is from a North Atlantic specimen, collected at Albatross 
Station, No. 2506, U. S. National Museum (Catalog No. 11438). I 
have seen no well preserved West Coast specimens perfect enough to 
figure. 

Off mouth of Qualicura River, Straits of Geoi^, in 40 fathoms 
(coil. G. M. Dawson, teste Whiteaves) ; Marmot Island, Alaska 
(Ives). 

It has been taken off the northeastern American coast at several 
stations, between N. lat 44" 38' 30" and 41° 47*, by the U. S. Fish 
Cbnunission. Often taken by tiie Gk>ucester, Massadiusetts, fisher- 
men <n) the fishing banks, off Nova Scotia and Newfoundland, in 50 
to 300 fathoms. Occurs off the northern coasts of Norway and 
Great Britain, and in the Arctic Ocean generally. 

Batbymetrical range, 50 to 471 fathoms on the east American coast, 
rarely taken below 150 fathoms. 

Mr. Ives recorded a specimen from Monterey, California, which 
is a very unlikely locality. Perhaps his specimen was Mediaster 
mqwUis. 

CERAMASTER PATAGONICUS (Sladen) Fisher. 
Ptntagonasttr patagonictu Slaskn, op. dt, l88g, p. a6ft p. 4!^ figs. 3. 4 ; pL 

XLUC, figi. 3, 4. (Off P&tagmia.) 
Ctrvmaster palagomiau Fisheb, op. dt, tgitfr, p. 314, pL xxxni, fig. 4; pL 
xxxvm, figi. I, a; pL lx, fig. 3. 
Professor Fisher has described and %ured a species that he thinks 
identical with the one described by Sladen from Patagonia, but 
without comparison of types. 
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The North E^dfic form is & deep-water spedes and hardly cotnes 
within my limita, thoi^ Fisher his one localtty in 41 fadHnu, and 
one in 56 &thoms, off Unalaska, in Bering Sea. OUwr nortiiem 
localities recorded by him are in 68 to 174 fadiotos, from Bering 
Sea to Southeast Alaska, Bdun Canal, 4 (?) to 134 fathoms. Aim 
one q>ecimen from Gulf of California, Cannen Island. 

Possibly bis northern specimens are Hke those placed 1^ me under 
C. grmmlmis. The two species are, ^iparently, very similar. 

Dr. Fisher also describes the allied species, C. jaf omens (Sladen), 
fran deeper water, u Bering Sea and off Oregon, 184 to 786 fatfi- 
oms; and C. Uptoc t r a mu t F., from off Southern California, in 316 
to 638 fadKxns (op. dt, 1911&, p. 210, pis. xxxix, Lvm, lx). 

Genus TOSIA8TBR Venill, oov. 
Type; T. arcticMt VcrriU. 

PeDtagooal, with short rays. Marginal [^tes lai^^ thick; 
coarsdy granulated. Dotsal [4ates are stout, dosdy granulated; 
parapaxillsE with lobed or stellate bases, and tabulate tops. PapoUe 
widdy distributed, not confined to the radial areas, nsnafly in small 
groups of two to five. 

Adambulacral {dates are notably short; actinal side witfi four to 
six granuliform spmulet; furrow-spines usually two or three to a 
plite. 

Interactinal plates ncarty rhombic, dosdy covered with angular 
grannies. 

Bivalve pedicellariae oceor on the marginal, interactinal, and 
adambulacral (dates. Superomarginal plates often have a naked 
central area. 

TOSIASTER ARCTICUS VerriU. 

Plate L, fignfea 3, 30; plate xox, ficuret I, a (tTpe)' 

Tosia arctiea Visinx, Amer. Joarn. Sci., xxvm, p. 63, Julj, igofh Sgt. 8-8». 

CtramurUr arelkitt FtsBn, op. dL, ipiib, p. 21A pL xl, figi. i, a; pL vna. 

fig. I ; ^ LX, fig. t. 

The disk is pentagonal with short rays and thick, rounded mar- 
gins. In alodiol tiie granules and most of the outlines of the dorsal 
plates are obscured by a soft, membranous or mucous structure. 
The marginal granules of adjacent plates are in contact and cover 
narrow channels between the {dates, which have a low, round, 
ccdumnar form when the granules are removed. Very small i>apuhe, 
standing in small grou{>s, surrotmd the plates. 
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Radii of the type, 31 mm. and 45 mm. to 50 mm. It grows to a 
much taiger size. 

The marginal plates are coarsely granulated. The iq>per ones 
often have a bivalve pedicellaria near the inner edge. The granules 
are unequal in siz^ angular, closdy in c o nta ct , about e^it in a trans- 
verse row on the larger plates. The marginal plates in the interradial 
region are squarish and pretty r^;ular, and paired above and bdow; 
distally they become irr^ular, polygonal, with rounded comers, and 
often appear brxiken ; they partially alternate in the two rows. The 
Buba^iiatl plates are small ; the apical or ocular [date is very small 
for tiiig genus. 

The lower marginal plates are closdy granulated nearly all over, 
exc^ a very small naked spot beneath. The upper ones also have 
a large naked spot, near the upper margin, covering about one-fifth 
of Hit surface of the plate, perhaps where the granules have been 
accidentally rubbed off. The actinal (^tes are large, mostly 
squarish ; about three correqxHid to the breadth of each inferanar- 
ginal plate, proximaQy. 

The dorsal plates are unequal in size, crowded, larger than in 
most related species, sU^itly and evenly convex, and very closely and 
coarsely granulated, the median radial and submedian rows mostly 
hexagonal, as well as most of the interradials. Along the interradial 
margins three to four dorsal plates correspond to ont upper mar- 
ginal. The granules are coarse, angular, unequal in size, flattish or a 
little convex, [o^tty dosely in contact, mosUy eight to ten on tiie 
laiger [^tes. 

Small valvular pedicdiariae, commonly a little larger than tht 
granules, but often of about die same size, occur on a few of the 
dorsal pUtes, on the maiginals, and also sparingly on the actinals. 
The valves, which in the larger ones project a little above the 
granules, are thm and flat, about as high as broad. They are mostly 
sunken in small, roundish, oblong or slightly bilobed pits. 

The actinal interradial plates are granulated like the dorsals ; they 
are more regular in form. Adambulacral plates often bear a bivalve 
pedicellaria; they have about six short, thick, angular spinules, 
crowded in two rows and all similar in height and size to the 
adjacent granules. The inner or furrow margin bears but tw(^ or 
rarely three, short, thidc s^Hnes. 

Iliis somewhat resembles C. grwtutaris, but its granulation is modi 
coarser, its margins thicker and more rounded, and its distal mar- 
ginal plates more irregular. The adambulacral sinnes are much 
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coarser and fewer. Madreporite is large. Anrimlacral feet have 
large terminal suckers. 

It was known to me ooly from the Bering Sea and Siberia. The 
type (U. S. Nat Mas.) was from Bering Island (N. Gcebnitskr, 
1899). 

Fisher (19116) reoirds it from the Conunander Islands, Sbunugin 
Idands, Aleutian Islands; and Kadiak, Alaska, from knr tide to 
103 fothoms. 

Genas An^hlaater Verrill. 
AmplnuUr Vouill, Trans. Conn. Acad. Sci., i, part 2, p. 373, Febniarr, 187S. 

Stellate, with short, stout rays and laige disk. Dorsal surface 
covered with large, stout, conical spines mostly <ne to a plate. 
Similar spines arc borne by most of the marghial plates in both 
series. The marginal plates are miequal, few, large, convex or 
swollen, and naked in the middle, granulated around ^e edges. 
Dorsal abactinal plates are granular, polygonal, tesselated, sur- 
rounded by papu^ Interactinal plates tesselated; each usually 
bears a spine. Adambulacral plates have a short row of maiginal 
spines and a sii^le larger ^une on the actinal side. Only one 
species is known. 

AMPHIASTER INSIGNIS VerriU. 
Plate xcvm, figure 2 (type). 
Amfhiasttr mngnit Vstuu, Traoi. Conn. Acad. Sci., i, put 2, p. 373, pi. a, 
fig. 10^ i6je. 

A well grown q>ecimen has the radii 50 mm. and 24 mm. ; ratio, 
about 1 : 2. The matginal plates are alternately unequal ; alternate 
ones bear a large, conical spine. There are about ten to twelve 
lower marginal plates and eight or nine upper ones, in aduH 



Three pretty r^^r, radial rows of spines on each ray, one to 
each of the principal dorsal plates ; some may be ladcing. Each of 
the interactinal plates usually bears a laige central ^ine, elsewhere 
they are coarsely and evenly granulated. 

Lower California; La Paz; Gulf of California. The types were 
from La Paz (Yale Museum). 

Subbnuly MEDIASTERINM VeniU, 1899. 

St e lla te , depressed, in form resembling Ceramatter. Dorsal radial 

plates paxilliform, or parapaxillae, with circular or nearly circular 

bases, united together by radiating internal ossicles, about six to 
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each plate, prododng a stelUte structure, u seen froni the inside. 
Supra-ambulacral plates are present Pedieellaric dorsal and ven- 
tral, sessile, bivalve, short and broad in &e type; slender, two- «* 
three-bladed ones may occur on adambnlacra] [^es. 

Papulse mostly in radial rows, emerging from between the con- 
nective radiating ossicles, oiten two or three together. 

The adambolacral ^lines arc nearly as in Ceramatter; distal ooet 
are larger and longer. 

The principal reason for distinguishing this subfamily is the exist- 
ence of radiating internal ossicles connecting the bases of the 
adjacent paxilliform plates. 

This seems to be an important structural feature, and in the case 
of a family with so large a number of genera as GoniasteridK, it is 
advantageous to subdivide it, if definite and nnportant structures can 
be found for subfamily groups, as in this case. 

Genus Medlaster Stimpson. 

Mediasttr Stimpson, Jonni. Boston Soc Nat Hist, n, p. 490, pL 93, Ggi. 

7-11, 1S57. Verrill. Reviuon, in Trant. Conn. Acad. Sd., x, p. 178, 1899. 
Medituttr Sladem, Voy. ChallenKcr, ZooL, zxx, pp. 363, 7j3, 18S9. Fisher, 

op. dL, 19116, p. ig6. 
itvttr Vnuti, Proa U. S. Nat Has., zvn, p. 957. iSm. 

Form stellate, with a broad, flat disk and moderately long, tapered 
rays. Marginal plates well developed, not swollen, granulated, raster 
numerous, higher than brood, paired, upper and lower series nearly 
equal in size and number, and with their sutures more or less corre- 
sponding vertically, oblique in the type. No odd interradial plate. 
Abactinal plates or parapaxill« are regularly longitudinally arranged, 
of moderate size, somewhat elevated, mostly roundish, covered with a 
rosette of short, obtuse ^inules or eltmgated granules. When these 
are removed, the [^tes cm the central part of the disk and along the 
median r^on of the arms ^>pear as roundish or oval convex bosses. 
Th^ are otnuwcted together by five or six internal radiating ossicles, 
between whkb are the pores for the papobe. The psqnilc may be 
ttngle or (as in the tjrpe) clustered. Thus the {dates appear to be 
stellate at tiie bas^ diot^ they are not actually of that shape. The 
median row of abactinal plates extends to die i^iical plate of the rays 
in the type, but not in some of the other species. Some of the abac- 
tinal {dates bear a central broad, sessile, vahmlar pedioeilarta, vMch, 
in the type species, is nearly as wide as the plate. PedioellaTue are 
sometimes ladctng. 
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The adambobcnl (diliet botr a regnlir nurgmal row of three to 
seven slender qMnala, and nsoilljr two exterior kagttndinal groups 
or rows of shorter spinules, whkb may be angular and obtuse; and 
toward die tqw of the rays, some of them, in the type, becntne larger 
and laager, as in Toiia and C er a m a i Ur. Some of these spinules may 
be refdaoed by spimiliform or davate, two- or threc-bladed pedicd- 
larite. The actinal disk plates are angular, often ilrambic, dosdy 
arranged in rows paralld with the ambulacral grooves, covered with 
a tosette of granules, the central granules often replaced by a wide 
valmlar pediceOaria. The dentaiy plates are not very promineat; 
each has an actinal row of buger spinules, similar to those of the 
oral margin. 

This genus closely resembles Ceramatter, as limited above. The 
principal differences consist in the more elevated and convex ahac- 
tinal plates, aptdaUy in the papular areas, where they are more 
widely sq»rated by the large papular pores and united by intervene 
ing small internal ossicles, whidi give them a stellate appearance. 
On other parts of the disk, especially near the interradial margins, 
the plates are angular and doeely joined in a mosaic, as in the former 
genus. The laige valvular pedicdlariz are also, to some extent, char- 
acteristic, but the maiginal, actinal, and dentaiy plates and tiietr 
spinules are essentially the same tn the two genera. 

MEDIASTER .SQUALIS Stimpeon. 

Plate u, figure i ; plate m, licnre i ; plate v, figures 3-5 (details). 

ilediatUr mqm^it Stimtsom, Jonra, Boaton Soc Mat Hist, vi, p. 490^ pi. 

xxia, Sgt. 7-11, 1857. Whiteaves, Trana. Royal Soc Canada, iv, p. I17. 

1887. Venill, Trans. Coon. Acad. Science, i, p. 336, 1867; x, p. 179^ pL 

xxrr, figi. icKU, a» Fisher, op. dt, 1911b, p. tgS, pL xxxv, figs. 1-3; 

pi. ux, figs. I, to-ic. 
Rajrs five, variable in length, usually about equal to the diameter of 
the disk, r^^ularly tapered, slender at the tip. Radii usually nearly 
as 1 : 3. Marginal {rfates, 00 each side of a ray twenty-two, above 
and bdow, in a spedmen having the greater radius 36 mm. The 
(dates on the margin of the disk are higher tiian wide, with the 
intervening sutures somewhat oblique. The lower marginal {dates 
are similar in size and tbape. All are closely covered with small, 
rounded granules. Abactinal areas of the rays arc wide at the base, 
where they may consist of seven or nine rows of plates, but they 
rapidly decrease to three rows, and only the median row reaches the 
apical plate. The papular areas are large, covering nearly the whole 
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widtfi (A the i»oadnial half of tiie nys, as wdl as most of tiie central 
disk. In these areas the plates are rounded or elliptical, convex, 
somewhat elevated, and separated by intervening spaces, in which 
there are usually five or six groups of p^mlar pores, the individual 
pores being small and unequal, two or three or more forming each 
group. 

Each of the larger abacttnal radial plates is covered with a roaette 
consisting of about five to seven central and twelve to fourteen mar- 
ginal, short, blunt, or davate, grannie-like spinules, rather kmger 
than broad. Scnte of tiie disk-plates are larger, with more spinules. 
A large valvular pediceUaria often rephues the central group of 
^Mnules m some of the plates. These occi^ neuiy the whole 
breadth of the central area of the plate, and are narrowly oblong, 
not much elevated, with a nearly even and straight margin. Similar 
pedicellaric, as well as some narrower ones, occupy the central area 
of some of the interactinal disk-f^tes. 

The madreporic plate is small, sunken, with narrow, acute gyri. 
The central nefJiridial pore is small but distinct. 

The actinal disk-jriates are crowded and closely united ; those next 
the adambnlacral plates are squarish or rhond>ic and form r^;ular 
rows, but tfiose in the angles are smaller, irregular, and more 
rounded. All are covered with rosettes of granules, or short, obtuse, 
often prismatic ipioules, rather larger and less r^ular dian those tA 
tfw upper side. A central valvular pedtcellaria occurs on stmie of 
the pl^es, as stated above. 

The adambalacra] plates are squarish, not very large. Each bears 
a marginal row of three or four small, oblong, more or less prismatic 
or compressed, blunt spinules, the middle one usually a little larger 
than the others. External to these are two sets of shorter spinnles, 
about three in eadi series ; these sometimes form two rows, but in 
other cases are in a rosette-like group. Those next the inner or 
groove-series are longer than the others. One or more of these, 
especially distally, may be rqilaced by a ^inuliform pedicellaria 
with two or tiiree blades. On the distal part of the ray one or two 
of tiie spinules on the central part of these plates becomes consid- 
erably longer and larger than the rest The oral spinules ^e similar 
to the adambulacral, but those at the tip of the oral plates are rather 
larger and more angular. The apical plates are rather small, promi- 
nent, somewhat obovate. 

The preceding descriptkn is from a Califomian spedmen. 

I have examined a natural-size [^otograph of the type of this 
species, furnished by Dr. R. Rathbun. It differs from the ^Kcfanen 
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described above, only in btTUig the njs aomewbat longvr. It is 
poorly preserved. 

This species is dosdy illied to 14. hakHi^ Verrill, found in de^ 
water off the cut coast of the United States. The granulation of 
botli stufuiet is, howerer, decidedly finer in tfie latter, and tfiere are 
various other differences as shown by the figures. 

The colors in life are very br^^ The dorsal side is usually deep 
red or vemullioa ; under side scariet or onmge, varying to sahnon- 
color; ambolacial feet often red or scariet 

Off WihningtDO, California, 37 faflioms (U. S. Nat Mas., speci- 
men described above and figured) ; Queen Chariotte Islands, Mal- 
cdm Idaod, low water (Whiteaves) ; Departure Bay, British Colum- 
bia (C. H. Young, Canadian Geol<^:ical Snrv^, 1909) ; off Victoria, 
Vancouver Island (C. F. Newcombe), very large. 

Fisher records it fran numerous localities, in 6 to 167 fathoms, 
from the Alaskan Peninsula to Lower California. Very conunon in 
ao to 50 fadioms. 

VAIUATION& 

Two q>eciinens from Victoria, British Odumbia, 1895, received 
from the Provincial Mnaenm through C. F. Newcombe, are unnso- 
aOy large, and have an appearance quite unlike smaller spedmens 
usually met with. 

The larger has the radii 35 mm. and 115 mm. ; dorsal patapaxiihe 
1^ to 4 mm, in diameter. The other has tiie radii 38 mm. and 
103 mm. The rays are kmg and taper to slender tips. The under 
surface is coarse and rou^ in appearance, due to the large size and 
the length of the adambulacral spines and to the coarse spinules on 
the interradial plates. 

The adambulacral spines are about the same in number and 
arrangement as on the smaller specimens, but are mudt increased in 
rdative size; they are up to 3.5 mm. Icax^. The same is true of the 
interradial spinules. These last stand in stellate groups, mostly of 

'UEDIASTERBAIRDII VcrrilL (Plate n, figure 2; pUte m, fignrc&) 
ArchatUr bwrdn Vdull, Amer. Joarn. Sci., xxm, p. ug, 18B1. 
Itatttr bairdU VmiLL, Proc U. S. HaL Mul, xnt, p, afi, tB^. Amer. 

Journ. Sd., xux, p. 136, 189s 
Utdiatttr ttelUmu Pzuin, Uhn. Soa de France, ir.p.266, 1891. lUsaltats 

d«t Cunpag. Scicnt, fu. xi, p. 46, 1896, pL 17, figs. l-id. 
Mtdiatltr bairdii Vnnu, Tnns. Coom. Acad, x, pL i8t, pL XXir, figs, i-ft 
jH XXT, figi. 8, 8a, i8g& 
Off the cut coast of the United States, ia 351 to 721 f 
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seven to nine, but often in a circle with one or two central oo eacb 
plate. They are abort, thick, mostly angular, often three-sided, 
mostly blunt, but many are acute and often beech-nut shaped. The 
central one is frequeittly rei^aced by a short, thick, bivalved, or 
sometiines trivalved, erect pedicellaria. In the larger q>ecinien fht 
spinules are erect in a ckae, round cluster, leaving open intervals 
between. In the other they are divergent, covering most of the 
interspaces. The inner adambulacral spines form a nearly straight, 
close row of three or four, which are nearly equal in length and 
more or less angular and blunt ; the middle row usually conusts of 
three or four similar but shorter spines in a curved or oblique series ; 
outside of these, near the outer margin of the plate, are four to six 
much shorter ai^;ular finales in a curved group, like those oa the 
interradial plates. A bivalve pedicellaria sometimes replaces some 
of these. In a few cases all the spinules, excqit those of the inner 
row, fonn a circular, ocnvergent group of about six nearly equal 
spines. 

The dorsal par^>axillse are very regular, circular, or broad-ellipti- 
cal, evenly covered with large, rounded granules. About twenty 
to twenty-five granules form an outer circle on the larger plates ; 
inside these is a second circle, usually of eight to twelve somewhat 
larger grantiles on the larger plates, or about six on the smaller 
ones; the center is occupied by a single round granule of similar 
size, or by two or three oa the larger plates. Sometimes a small, 
stout, erect bivalve pedicellaria occupies the center. Sometimes it 
is one-third as broad as the plate. 

The maif:inal plates are evenly covered with close, roimded gran- 
ules; the marginal ones are a little laig:er and divergent over the 
margins, thus formii^ narrow covered channels between the plates. 
Some of the marginals bear small bivalve pedicellarite, like those of 
the dorsal plates. 

In one of these spedmens Ae rays are considerably bent laterally, 
and s(»ne of them are twisted and have the dps upturned, showing 
more flcxibili^ than the heavy plating would be expected to permit 

Subfamily HIPPASTERUNM Verrill. 
Hippatttfiina Vmiu., Reraion Genera, etc, in Trans. Conn. Actul., x, p. 

174, 1899. lusher, op. cit, 1911^, p. 333. 
Aniktntida (part) Piaxm and others. 

This group includes stout, pentagonal or short-rayed starfishes, 
that have large, dongated, divergent, and differentiated adambula- 
cral q>incs, me or two larger ones situated on die central part of 
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each plite. The domi and mirginil {dates axe brge, ccorac, bor- 
dered or covered with luge granules, and often bSTe one or mofe 
central tubercles or stoat qtines ; no f asciales. 

BmlTe pcdkellarue having short, bnnd valves, and often of large 
size, are usually present, botli on the dorsal and actinal plates, and 
often on die marginals ; smaller spatnlate forms also occw. 

The abactinal [dates are thick, rather closely joined, and polygonal 
or roondish, usually unequal, with small intennediate se c onda r y 
plates. 

The actinal {dates are nameroas, t es sda t ed, and covered widi 
large granules, at least annmd the margin, and usually have other 
a large valvular pedicdlaria or else a short, thidc ^line or tubercle 
in the middle. Su{>enunbalaciml plates are bddng. 

In this snbbmily I include CtadatUr VerriQ, not induded by 
Fisher. It lades the lai^ dorsal and marginal q>ines or conical 
tubercles of Hifpatttria, and the doml oesides are all of one Idnd. 
Fisfacr describes (19116, p.aa,pL xu, 6gt. 1, 2) C. validus, Fisher, 
from off the Aleutian Islands, in 383 fathoms. 

Genus Hippaateria Gray. 
Plate XLvn; pUte xi:nn, fignrei 1-5 (ddaili of Qrpe ipeciet); pbte zux, 

Gomaattr {pori) Aauaa^ Piodroonii, Mem. Soc ScL Ncadutel, t, p. 191, 
1835 (.man Gtmj, 1840). Foibes, Brit Stmrfiihes, p. U3, 1&42. Nomiaii, 
Ann. ind Mac Nst Hilt, xv, p. las, 1665- 

Hifpatltria Guv, Ann. and Hag- Nat HuL, n, p. a^g, 1840; Sysc^Mi, p. ft 

ia6& 

HifPatteria PBtna, ArdL ZooL Exp^., v, p. 86, t8?& Vtgnier, ArdL ZooL 
Expir., vn, p. 176k iSG« (ftractore). Sbflcn, Voy. Challenger, ZooL, zxx, 
p. 341, 1889. VcrriU, op. cit, i8k>, p. 174- Biber, op. at, 19116, p. aaj. 
Attragamimm (^ors) UOtaaa and TaoacnL, STrtem Aateridcn, p. M 1843: 
HitpaaUriat Bau, Catai BriL Echinod., p. 76. 1892 (tpdlinK incorrect). 

Disk broad, rather flat, subpent^^onal, with short rays, and con- 
cave interradial margins. Marginal plates of moderate size, thidc, 
convex, r^;ularly paired, surrounded by a marginal row of granules 
and usually bearing one or more diort, stout qnnes or tuberdes, and 
sometimes, also, a wide, bivahmlar {wdicellaria. Dorsal or abactinal 
plates mostly large, more or less convex, thick, tesselate, subpolyg- 
ooal or roundish, with marginal granules, and bearing one or more 
thick central spines or tuberdes, or dse a wide bivalved pedicdlaria ; 
many small secondary, granulated plates are inters{>ersed between 

* See note, p. aSl^ for original cootcnta of Gomaster Agauix. 
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the laifier ones, and may not have the central spine. Plates some- 
times partially obscored by a thin int<punent 

Actitia] plates rather lai^e, angular, closely tessdated, arranged in 
rows paraUel with the adambulacrals. They are snrrtmnded by a 
row of coarse granules and bear either a lai^ and wide tHvalved 
pedicellaria, like those of the dorsal plates, or dse one or more 
central tubercles. Sometimes nearly all of them bear large pedi- 
cellarise. 

Adambnlacral plates large, but smaller dian the intetactinals, 
squarish, bearing a marginal row of large granules, or short, blunt 
^inules, one, or sometimes two, stout, central spines, and a ks^ 
tudinal farrow-series of few, osually two or three, smaller divergent 
^ines. (See fA. XLViu, fig. 5.) 

Oral or dentary plates large, bearing a marginal row of rather 
strc«g oral ^ines, besides two rows of shixter epioral ones on the 
actinal surface. (See pi. XLvm, fig. 3.) 

Median dorsal pore large, surrounded by papillae. ( See {d. XLViii, 
fig. 4.) Tube-feet stout, with large sudcers, 

Madrqmric plate rather small, with few coarse gyri. (PI. xux, 
fig. 6.) Papuhe small, isolated, in the angles between the abactinal 
plates. (See pi. xLvm, figs. 1-4.) 

Besides the ftdkiwing spedta, Professor Fisher has described three 
deep-water species from the North Pacific. Neither of them has 
been recorded from within the limits of this report. 

The North Atlantic and Arctic q>ecies, H. phiygitma, common oa 
the coast of New England, in 50 to aoo fathoms, has not yet been 
found on the Pacific side. (See pi. xlvu; pi. XLVin, figs. 1-5; {d. 
XLDC, fig. 6, for details.) 

HIPPASTERIA SPINOSA VerriU. 

Plate L, figure* 4<4c; plate xcnn, figare r (type). 

Hi^patttria spimota VmiLL, Amer. Jootd. Sd, xxvm, p. 63, July, tgog^ 

Fuber, op. cit, igiifr, p. 334, pL xui, figs. 1-3; pi. xun, figs, i, a; pL tdc, 

fig. 4. 

Arms radier longer than in the Atlantic species. U[q>er surbce 

thickly covered with rather slender, t».patA, acute, unequal spines, 

nearly every plate bearii^ a singie spine; those that do not have a 

spine carry a laj^ central pedicellaria, about equal in diameter to the 

corresponding spine, but varying in size, like the spines, accordii^ 

to the size of the phtt The tfiines and pediceUaric are surrounded 

at the base by one or more circles of granules borne on the plates 



>y Google 



302 VEIKILL 

around the maigiiu, leftving the mmimilliionn central part naked. 
The dorsal pedicellariae are oUoog-eUiptical, as seen from above; the 
jaws are convex, usually a little wider distally than at the base, 
often nearly as hi^ as wide. The upper mai^nal plates mostly 
bear two divergent spines, similar to those of the back. The lower 
marginal f^tes also bear similar, but shorter, spines, usually two, 
bat sometimes one or three. 

The actinal plates are coarsely granulated and each usually bears 
a latge central pediceUaria similar to those of the dorsal surface in 
size and form, but usually rather h^er and witii the edges of the 
jaws distinctly denticulated. 

Color, as dried, orange above, yellow bdow. 

Greater radius, 80 mm., lesser radius, 40 imn. 

The type specimen was taken at Departure Bay, British OJum- 
bia, in 18 fathoms, gravel, September, 1908 (Mr. C. H. Young, 
Canadian Gec^ogical Survey). 

A smaller ^>ecimen from Pi^et Sound, sent by Professor Kincaid, 
has the radii 28 mm. and 65 nmt It agrees very well with the 
larger one in the number and form of the dorsal pedicellarix and 
qnnes, but the latter are sUglitly less acute. The marginal plates 
of both series mostly bear two qiines, like tbe dorsals, but rather 
larger, while there are often two or three additional, smaller, obtuse 
spines on die lower ones. The pedicellariae of die actinal plates are 
numerous, about as high as long, and similar in size to the dorsals. 
The adambulacral spines are mostly not iHTserved. At die distal 
third there are two furrow-spines to a plate. 

The ^>ecimen8 of this species described by me are fran Pnget 
Sound (Kincaid) and Departure Bay, British Qrfumbia (Canadian 
Geological Survey). 

Mr. Fisher (19116) records it from many localities, from Kadiak, 
Alaska, to Southern California, in 37 to I3i fathoms. 

Fanuly ODONTASTERIDM VerriU. 
Oiontatttrida Vnuix, Trans. Conn. Acad. Sri., x, p. aoi, iSgg. Fisher, 1905, 

p. 3(»; 1911b, p. ISJ. 
Gnakasttrium (pars) Psmn, 1894, p. 351- 

Form stellate widi broad, short rays, or pentagonal. Marginal 
plates prominent, with an odd interradial plate in eacb row, nor- 
mally. 

The jaws bear one or two erect or recurved hyaline spines on the 
actinal (epioral) side, near tbe apex. 
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Abactinal i^tes are more or less paxiUiform, para p ax i llae or pro- 
topaxillae, with intervenii^ Ui^ papular pores on the radial areas. 
The abactinal plates may bear clusters of more or less elongated 
spines, or a group of small granules. They usually fotm <ddiquely 
transverse lines on the rays, not always regular. 

Interactinal plates angular, covered either with tpiats or widi 
granules. Sm^, simple pedioellarix sometimes occur on the actinal 
or abactinal plates. They may have two, three, or four papillifoim 
blades. 

Adambulacral jriates usually bear elongated ^nnules, arranged 
in three or four small transverse rows ; generally only two or three 
in the furrow-series ; sometimes only one. Dentary flaXea asually 
have eloi^ated, acute Diaif;inal and apical ^ioes. They are aome> 
times closely united aloog the median suture; in other cases {Odont- 
atttr) they are separated by a space covered only by membrane. 

The mar^nal plates are covered either with spinules or with 
granules, snnetimes the upper ones are granulated and the knrer 
spinulose, like the corresponding disk-plates ; they usually have deq>- 
fascioUted sutures. 

Ambolacral feet have suckers. No superambulacral [^tes. 

Genus Odontaster Verrill. 
Odo»$atifr Vntnx, Amer. Joam. Sci., xx, p. 40a, 1S80; Proc U. S. Nat Mui.. 
xm, p. 363, iSsh; Amer. Jotira. ScL, xux, p. I3& iSg?: op^ ctt, i&Xlt 
p. 305. 
CMtkatttr Pmm {pars'), Exp. Tntv. ct Taliim., p. 244, 1894. 
Odomlotttr Btu. ipara), Proc Zool. Soc London, p. 360, 1893. Firiier. 
op. dt, i8ii(, p. 154- 

A sii^e, odd, hyaline, recurved, movable spine on the apex of 
ead) jaw. Dentary plates large, separated by an open, fusiform 
Kpaat, covered by membrane. Abactinal surface covered wiA de- 
vated, convex, or davate paxiUiform plates, or parapaxillx, which 
usually bear dusters of dongated spinules, like true paxillse; their 
bases are stellate. Upper marginal plates are usually findy spinu- 
lated. Lower marginal plates an generally large and placed singly 
or in the angles around tbe radial paxillx. The radial abactinal 
plates form more or less evident obliqudy transverse rows and 
extend nearly or quite to the j^ical plate. 

The odd tnterradial marginal plate is usually triangular or wedge- 
shaped. Simple pedicdlariae occur rardy. 

The adambulacral plates usually bear several rows of q>ines; 
usually three or four in the furrow-series, rarely bat two. 
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Tbe open suture bc t wee u the dentaiy plates o£ the jam; the 
movaUe Iqvline spine, attached cmly by its base, at tbe apex of tbe 
jaw, together with die reiy spiaoK character of the abnc tin al 
paxilbe and marginal plates, separate tMs genus from its allies. The 
marginal plates are also larger than in most of the ottier giotqis, 
and tbe adambulacral plates bear nsoalfy three or four spines in 
tfw furrow-series. 



ODONTASTER CRASSUS Fisher. 

OdotMtltr erUMtu Ftssn, Op. dt, igoj. p. jn; op. cit., 1911b, p. tS4i pL 
xzix, figi. 1-4; pL U^ fig. & 

Form ttdlate widi Aatt rays; radii of the ^rpe, 13 mm. and 
31 mm.; ratios, about t : 1.5. Marginal plates few, massir^ eight 
in a row m the type, covered with granule-like sfnnnles. Odd 
^Moral hyaline spine is lanceolate, recurred. loteractioal i^ates 
squarish, bearing five to twelve ratfiating, short, stout, pointed 
sfHimles. 

Dr. Fisher reoordi it from ten statioas, in 43 to 384 fattrams, from 
off Monterey to San Diqio, California. 



Family ASTEROPWM Fisher. 

GymmtUriid* Pixim, 1884, ppL 165, aap. Slsdm, iWft p. 3S5- 
Gymnvttriid» + Po rmUi m PnuD, op. dt, 1894, pp. t<^ 39.* 
AstTopidm Fisan, igo8, p. go; 1911&, p. aC- 

Didc usually large; rays Bh<»t and broad. Dorsal ossicles some- 
times tesadated, in r^nlar radial rows, more often irr^ular, sMne- 
times partly abortive, sometimes retjculated; either covered with a 
tfaidc, smooth or granulated skin, or spinose, <x spinulose. 

Marginal i^es various, sometimes prominent, usually oblique or 
over1^>[Mng, sometimes with a small group of qnoules on tiie outer 
edge, or with a single ^itne; sometimes nearly abortive, and tfie 
edge of disk thin. 

Interactinal [dates sometimes numerous, usually in r^;ular oblique 
rows. Papule in dorsal radial areas, sometimes inteimarginaL 
Ptelicellariae oonunonly laddng; when present, valvular, with two to 
four valves. 

*It Menu to tlu writer Tery doubtfnl whether d>e PormniidK ahonld be 
combined with this familr. Some ai the gcocn are tctj similar to AsteriaidK 
in form and ttmcture. 



>y Google 



SHALLOW-WATSE STARFISHES 305 

Subfamily ASTEROPINJE VerriU, nov. 

Mai^^ not thin ; u{q>er and lower mat^nat plates well developed, 
subequal. Dorsal skeleton well developed, the plates tesselated or 
stellate-reticulate, with or without spinules or spines. Superomar* 
^nal plates sometimes with stout spines. Interradial plates numer- 
ous, in chevrons. Adambulacra) spines few. Pedicellariae, when 
present, bivalve or multtvalve. 

The PoraniinEc differ in having the marginal plates feebly devd- 
<^>ed, more unequal, die edges of the disk being thin in most cases, 
and formed by the infer<xnarginals; the dorsal plates are irregular, 
often partly or nearly all abortive, not formii^ a regular median 
row, and usually concealed by a thick, smooth, or else finely spinu- 
lose dermis; interactinal plates fewer, in oblique rows, or nearly 
abortive, or in detached, transverse rows (Tylaster), with or without 
spinules. Pedicellari<e generally lacking. 

Genus Dermasteriaa Perrter. 

Dermtuttriat Pnim, Revision Sull., Arch, de ZooL £xp£r„ v, p. gS, 1876. 
ViKuier, op. dt, to, p. aiS, 1878. Sladen, Voy. ChdL, ZodL, xxx, pp. 
35Si 375. tSS9. FUher, op. cit., i9Ub, 348. 
Asttropat ipart) Gkube, Wieg. Arch., xxio. 1857. A. Agasiti, North Amer. 
SUrfisbcf, Mem. Mut. Comp, ZooL, v, p. toi^ |d. xv (structure). 

Some of the characters of this genus have not been correctly 
stated by several previous writers. 

It has more <m' less numerous small pedicellarijc scattered irregu- 
larly over the dorsal surface.' These are partly bivalve and partly 
trivahre, while four-valved ones often occur. The valves are small, 
thidc, obtuse or rounded. Five-valved ones are rarely seen ; three- 
valved (mes are often the most numerous. Other pedicdiarise, of 
much larger size, often occur just outside of the bases of tlie inner 
adambulacral spines. They may stand in a sin^e row, or they may 
be crowded into two or three rows. (PI. vi, figs. 4, 5-) They are 
mostly bivalvular, with wide, short, truncate jaws, but some of them 
have three jaws (pi. vi, fig. 5, P' P') ; occasionally one occurs with 
four smaller jaws. 

On one of the young specimens, they nearly cover the surface, 
and most of them have four valves; some have three, and a few 
five valves. (See pi. l, figs, i-ifr.) 

* Perrier (RMs. StelL, p. gS, 1896) prct the abtenee of pcdicellariK as a 
character of the genus. On tome ^edmeni from Pnget Sound tiieT are very 
numerous on the dorsal side (var. vabmUftn VerriU). 
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The adambulacral spiaes, which are usually two to a plate, inner 
and outer, increase in length and become terete, instead of flat, at 
the tips of the arms, while some of the distal interactinal and inferior 
marginal plates sometimes bear short, diidc, stumpy ^ines, especially 
in large specimens. 

In formalin preparations the entire surface is covered with a 
thick, soft skin, deep brown or yellowish brown in color, which 
entirdy conceals the ossicles and spines (pi. xxix, 6g. 3), but the 
groups of papulae on the back are quite distinct In life ftis skin is 
Tcry soft and covcnd with abundant mucus. In some dried prepa- 
rations the integument is like a sort of thin vamisfa over the surface, 
leaving the ossicles easily visible, but in other cases it is so dried 
that the ossicles are mostly concealed. The principal dorsal ossicles, 
both on the rays and on the didc, have a regular stellate arrangement, 
as stated by Agassiz. Each large ossicle is roundish, witti slight 
lobes, ccHmected with five to eight small, radiating connective 
ossides. In the interradial regions the ossicles are stouter, are not 
stellate, and are closely imbricated. In this area there are few oc no 
papulae. The interactinal plates are broad ovate, and fonn rows 
parallel to the ambulacra. They are distinctly altematin^y imbri- 
cated, like slates on a roof. Papulae are very numerous and form 
large groups on the dorsal side of lai^ specimens, but stand sii^ly 
on young ones. 

There is an incomplete, partly calcified interradial septum, extend- 
ing outward from the jaws, composed of rather large rounded 
ossicles. Superambulacral plates ( ?) of small size are present. For 
some details of the skeleton see pi. lxxxvi, figs. a-id. 

Only one species of the genus is known. 



DERMASTERIAS IMBRICATA (Grube) Perrier. 

Plate n, figure) 3> 4. 5; Plate xjjx, Rgurt a; ^te l, figures l-ib (pedicd- 
Uric) ; plate lxxxvi, figures 2-2d (skdeton) ; plate xcm, figures a-ab 
(variety). 

Atttreftu imbricata Grubs, Wicg. Archiv, xxin, p. 340, 1857. Verrill, Traoi. 
Conn. Acad. Sci., i, p. 324, 1867 (distributioa). A. Aguaiz, North Ameri- 
can Starfishes, p. 106, pL xv, figs. 1-7, 1877 <»tnicture). 

Dermasttritu inermis Pntum, R^iaion Stell^ides, p. aBa, 1875. 

Dermajttrias imbricata Praouia, Arch, de ZooL Exp^., v, p. 98; it&6. Viguier, 
op. cit, vu, p. 318, i^ Sladeo Voy. Oull., xxx, p. 766, 1889. Whiteavet, 
Trans. Royal Soc. Canada, iv, p. 117, 1887. Clark, Proc Boston Soc 
Nat Hist, XXIX, p. 335, pL i, figs, i, a, 1901. Fisher, op. cit, 19116, 
p. 349, pL XL, figs. I, 3) fd. LV1, fig- I. 
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The disk u lai^ rather plump in life, with five short, tapering 
rays (rarely six), hut the length of the rays is subject to considerable 
variation. The radii of a short-rayed Aladcan specimen measure 
50 mm. and 120 mm. A long-rayed one, from the same place, 
measures 35 mm. and no mm. 

Surface smooth and lubricous in life, owing to the thick, soft 
skin. When dried, the ossicles are more or less distinctly visiUe 
on both sides. Those of the back have a rather regular stellate 
arrangement on the disk and bases of the rays. 

Many specimens have numerous small, scattered, dermal dorsal 
pedicellarias, mostly bivalve or trivalve, but often quadrivalve, as 
described above, under the genus. In many specimens they are 
lacking. 

Larger ventral pediMlIarise are often present In most cases they 
form a single row, more or less concealed under the free edge of the 
dermal membrane in dried specimens. In neariy all cases they take 
the place of the outer row of adambulacral spines, for they occupy 
the same position on the plate. Spines are absent when pedicdiarix 
are present ; sometimes the latter will form regular rows for half the 
length of the grooves, and then spines will take their place <mi the 
distal half, or th^ may alternate irregularly with spines. The 
breadth of these pedicellarix is almost the same as that of the spines, 
but they are not half as long. Many specimens lack these ventral 
pedicellariae entirely. 

In one lot of twenty-three dried specimens from Sitka, four bad 
few or no dorsal pedicellarise ; nineteen had dorsal pedicellarias ; five 
of these had large numbers ; twelve had them both on the dorsal and 
on the ventral side ; five had numerous actinal mes. 

Thdr presence does not depend upon age, for they are lacking 
on some of the lai^;est specimens, while they are numerous on others. 
Th^ are abundant on some of the young ones, about 60 mm. la 
diameter. 

The cobr, in life, according to Prof. W. R. Coe, is deep orange 
to dull red. 

One small, six-rayed example was found by Professor Coe (pi. vi, 
fig. 3) ; its radii are 7 mm. and 14 mm. 

This species is commcni from Monterey Bay, California, to middle 
Alalia. Numerous specimens were collected at Sitka, etc., by Prof. 
W. R. Coe, on tiie Harriman Expedition. It lives at and just below 
low tide. It is also common in Puget Sound, whence I have seen 
many specimens. Several large specimens have been sent to me by 
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the Otnadnn Geological Survey, from Brittdt Cohunbia and ihe 
Queen Charlotte Islands, Vancouver Island, etc It has not been 
recorded except from very shallow water or between tides. Dr. 
Fisher's records are from Sitka to Monterey, CalifcMiiia, shores, 

DERMASTERIAS IMBRICATA, var. VALVULIFERA 

VerriH, nov. 

Plate xcni, figures a-ab. 

This name is prc^tosed tor the form of this species having many 
(often very numerous) valvular pedicellarise on the dorsal surface. 
Usually diere is also a row m the acttnal side, external to and 
parallel with the inner adambulacral ^ines, while ottiers may occur 
on the interactinal areas, either centrally or more often proximally, 
near die jaws, in pairs. The actinal pedicellariae mostly have two 
broadly rounded jaws, sometimes three; those of the dorsal surface 
mostly have three or four narrower valves, but some may have two; 
others five or six jaws (see pL xcv, figs, a-afr). The spedmen 
figured from Sidca has the radii 24 mm. and 38 mm. ; another from 
the same place has tile radii 38 nun. and 77 mm. Larger specimen* 
occur. 

Except for the presence of many pedicdlarise this variety does not 
differ much from the ordinary variety with few or no pedicellarigc 
This does not depend upon age, for both lai^e and smaQ specimens 
occur of eadi form. Very yotug specimens, as usual in other genera, 
lack pedicellarix. 

All the specimens seen are from southern Alaska, at Sitka, etc. 

Family OPHIDIASTERWM Verrill. 
Ophidiatttridtt Vdbill, Tiani. Cona Acad. ScL, i, part a, p. 344t iK?' 
Linckidct PtmD, RMiion SlelUrides, p. 117, iS;s. 

LmckUda Si.AntK (.part), op. dt, 1889, p. 397. FUkt, op. dt, iQiifr, p. Z4t>- 
Unekiad^ Vicuna, Squdette dei StelL, p. 144. tB/9. 

Form stellate, usually with five slender rays, but the number is 
variable in some autotomoos species. Marginal plates usually small 
and not conspicuous. Abactinal and mai^inal ossicles usually tes- 
selated or subimbricated, in most cases granulose (covered with 
rather thick, smooth skin in Leiaster), rardy ^inose. 

I^puUe usually numerous, mostly abactinal and lateral in groups, 
sometimes single; in the majority of the genera they occur also 
below the marginals, or between the interactinal plates. 

Adambulacral plates with either granules or spinuies. 
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Pedicellariae often lackii^; when present, usually bivalve, some- 
times spatulate and excavate or fossate. Supenunbulacral i^tes 
often present 

Genus Linckia Nardo. 
Uiukia Nasso, Oken's Ins, 1834, p. 7i7- Gray, op. dt, 1840^ P- 3S4; SyBtem, 
p. 13, 186& Verrill, op. dt, 1867, p- aBs Sladcn, op. cit, i8j0. Fiiher, 
op. dt, IgII^, p. 343. 
OphidiuUr (.pars) HOllis and Tboschbl, Syst, p. sB, 1842. 
Phalaria Hohxs, op^ dt, 1903, p. 35 (won Gray). 

Disk smaD, rays long, slender, nearly terete, nsnally variable in 
number. Seme species are autotomous. Adambulacral plates bear 
granule-like structures, in two series. Papulx lacking on actinal side, 
outnerous in abactinal areas. Abactinal plates irregularly arranged. 
Pedicellariie not observed. 

LINCKIA COLUMBM: Gray. 
iMckia eohtmbia Gut, op. dt, iSffi, p. 385; Synoptis, l8lS^ p. 14. SUdei^ 

op. dt, i88g^ p 784. Verrill, op. dt, 1867. VP- 333-334- FUhwr, op. dt, 

igiifr, p. 243, pL xj-vm, figi. 1-7. 
Lmekia difUur I^nns, R^ision StelL, p. 144, 1^5. 
Phtttaria (Linckia) fatciatis Monks, op. dt, 1903. w, p. 351 (aototomy and 

variatioiu). 
Pholaria (Linckia) umfaseiaiis, var. bifascialu Monks (Hon Gny) • op- cit, 

igo4, LTi, p. sg6, pL zui (aototomy, variatioiu, etc.). 

This species is probably not to be found within the proper bounds 
of this report. It is introduced chiefly because of the great interest 
cofuiected with the remarkable variability, aototomy, powers of 
restitution of lost rays, or even of the entire body, from a part of one 
ray, etc., which have been so well and carefully studied and 
described by Miss Sarah Monks, in the works dted above. 

Other species of the genus share these peculiarities, for examine 
L, gmldingii, which I have studied in Bermuda. 

Miss Monks, op. dt, 1904 (pp. 596-600), has shown that this 
spedes is very variable in number of rays, madreporites, etc The 
variations in number of rays are mostly due to autotomy and irregu- 
lar restoration of rajrs, so that there may be from five to eleven rays. 
Though five is the normal number, r^;ularly six-rayed specimens 
are common. 

She found many in the " comet-form " and succeeded in producing 
ntch forms by cutting off rays at some distance from the disk. 
These, in the course of six months, produced a " comet-form " with 
a new disk. 
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Two madreporites are ooamoo, and as many as fin tn^ oocor. 

Two dorsa] pons were more freqttent than one, in the pro- 
portioo of 48 to 15 ; eleven had three, two had foar, and ooe had fire. 
Tbe goiilal prodocts issued from Tarious points along the rays. 

Its range is from Sonthem CaHfornia, San Pedro, San Diego, etc, 
to Panama and West O^ombia and the Gahqngos Islands. Very 
ccmmoa at La Paz, Lower California. It occurs from low tide to 
30 fathoois. 

Fisber enoneoasly quotes " L. ormthopui" Verrill, 1867, as a 
synoajm of diis spedes. No soch deternnnation by roe occurs in 
ttie woilc dted or elsewhere. On page 344, L. ormthopus is gireii 
as an Atlantic spedes, " probably identical " with L. guiUmgiL 

Suborder UYONOTA Lndwig. 
Each ray has a pair of strong internal dorsal musdes, extcndii^ 
for part or most of its la^th. Papular areas localized. Pedicdlaric 
usually pectinate. Podia witfi sudcers. 

Family BENTHOPECTINWM (VerriU) Fisher. 
Bentkoptetinidm uid PoMatteriti^ Vmnx, Trans. Coon. Actd. Sd., x, pp. joo, 

217. l8» 
PararekasUridm Suamx, op. dt, 1889^ p. 4- 
Ifotomyota (order) Lninna, 1910^ p. 435. 
Btttlkoptetimd^ PiSHZi, igiib, p. laa 

An almost strictly deep-sea family. Form stellate; di^ rather 
small; rays five, dongated, with two rows of thick, spinose, mar* 
ginal idates, which are not exactly paired, but are sometimes alter- 
nate, or nearly so, and have no definite fasdolated grooves between 
them ; there is an odd intoradial marginal plate in each row, in seme 
genera (Benthopectininx). Pedicdlarix are pectinate or fasdco- 
late, rardy bivalvular. 

Dorsal abactinal surface is covered by protopaxilhe, spinose para- 
paxillae, or simple spinose plates, rardy with true pa'^Ha' 

Papulx may be distributed over most of the lateral surface of the 
rays, or may be limited to the proximal part of the rays, or con- 
centrated in specialized areas {pafvlaria) near base <A rays. 

Actinal interradial area is small or nearly abortive ;' it is sometimes 
occupied by one or more large pectinate pedicdlarise. 

Similar pectinate pedicdlaria may occur between the {dates, on 
the margins, or on the dorsal surface. Adambulacral plates are 
angular and have doi^ted furrow-spines and ooe or more enlarged 
actinal q>ines. No superambulacral plates. 
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A pair of musck-bands extends along the medio-dorsal r^:ion for 
a part of the let^;th of the rays. Dorsal pore usually distinct Ambu- 
lacral feet have suckers. 

Ludwig ( 1910) has proposed a special order (Myonota) for this 
iattaly, on account of the presence of dorsal radial muscle-bands. 

It seems to me desirable to retain two subfamilies in lliis group, 
thou^ recently discovered genera render them less distinct tfaw 
formerly. 

Subfamily BENTHOPECTININJE VeiriU, 1894, p. 245. 
Btnthoftetimda (fandly) Voanx, iSgg, f. 317. Lndwigf, 191% p^ 435- 

This group will include those genera in which an odd interradial 
marginal plate normally exists m part or all the interradial areas 
in both rows. The papulae are not concentrated in specialized 
papularia, thot^h they may be confined, in some genera, to the basal 
part of the rays. Abactinal plates are flat or low tabulate, usually 
lobcd, sometimes stellate, bearing one or more large, shaip spines 
and usually many smaller accessory spines. 

This is a strictly deep-sea group. Several species have been 
described by Dr. Fisher from the North Pacific It includes the 
genera Benthopecien Verrill; Myonotus Fisher; and Nearchasttr 
Fisher. 

Subfamily PONTASTERINM Verrill, 1899. 
Chtinultridm (familr) Ludwig, igio, p. 435. 
BtnthcpectuMds (para) Fishib, op. dt, tgto, p. taa 

Odd marginal interradial plates are not normally present Papulae 
are confined to the basal parts of the rays, and are often concentrated 
in specialized p^ndaria. 

This group is almost entirdy confined to the deep sea. Several 
species are Imown from the North Pacific in deep water. Only one 
comes within my bounds. 

Genus Luidiatter Studer. 
AeantharekatUr Vmni, Proc U. S. N>L Mus., xm, p. afiB, 1894. 
Lmdiatttr SnjDn, 1883, p. 131. Ludwig, igio^ p. 451. Fliher, op. ctt, tgilfr, 
P- 127. 
Rays usually five, angular, tapered. Di^ small. Interradial 
actinal plates few, confined to the disk, spinous. Marginal plates 
of moderate size, more or less alternate, spiniferous; those of the 
upper series smaller than those of the lower, rounded, with a central 
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emmencc bcarii^ a single large, movable spine, with a group of 
small sptnulcs around its base. The plates of the lower series ma)' 
bear two or more similar large ^ines surrounded by spinules. The 
uiqwr marginal plates form a narrow mar^ along the rays. 

The dorsal surface is covered with small, unequal plates in the 
form of protopaxilUe and spinose parapaxillx.' The latter have a low, 
round cduinn and bear a large, central, articulated spine surrounded 
at base by a circle of small siHnules ; they are found on the disk and 
along the median part of the rays. The protopaxillx are smaller, and 
part of tbem bear only small qiinules ; others have a small central 
spine. The p^mlx occur on most of the disk and the entire basal 
part of Ac rays. 

Peculiar double pectinate and fascicled pedicellarise exist on the 
dorsal surface of the rays and disk, and a single one, of larger size, 
occupies the center of each actinal interradial area (see pi. xxxiv, 
P, P); in one case a similar structure replaces the two upper mar- 
ginal plates in the interradial angle. These large actinal compound 
pedicdiariae may have ten to twelve incurved papillae on eadi side, 
while those of the dorsal surface have usually three to six. Some of 
the latter have three convergent groups of curved papilbe. The 
central, dorsal neidiridial pore is very evident and is surrounded 
by papilbe. The adambulacral plates have a salient inner angle, and 
bear a horizontal divergent group of furrow-spines and a transverse 
actinal row of loi^ spines. The jaw-plates are large and bear simple 
marginal and actinal series of long spines. 

LUIDIASTER DAWSONI (Verrill) Ludwig. 

Plate xxxm; plate xxxxr; ^ate xxzv, figure a (tjpe). 

Arehatltr dauttoiU Vnan^ in WUteaves, R^ort of FrogreM of Geotogical 

Surrey of Canada, for 1878-79, p. 1946 [p. 5], 1880. 
Acantharchailir damsoni Vnanx, Proc U. S. Nat Hos., xni, p. 269, 1894. 

Fiiher, 1910, p. 549. 

LmidiatUr dawsoni Lvtmtc, 1910^ p. 453. Fiiher, igiifr, p. laB, pL xxv, 

fig. a; pL xxn, fig. 3; pL xxm, lig. 3; pL vr, figs. 3> 3^; pL lvi, fig. s; pt- 

cxix, fig. a; pL cxx. 

Rzys five, l(»ig, acute. Radius of the disk, 17 mm. ; of rays, 

100 mm. ; ratio, i : 6, nearly. The rays are long, flat, regularly 

tapered. The upper surface is loosely covered with small ossicles 

(protopaxilUe), those toward the margins of the rays bearing only 

circular groups of very minute short spinules ; but along the middle 

' See pages aSo, a8i, for ex^aoatioiis of these tcnni. 
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region of the rays and over the disk they are spitio-para p ajdlbe, eadi 
bearing a long, tapering, acute central spine, surrounded at base 
by a circle of small spinules. Between the plates there are, over 
nearly the whole surface, numerous papular pores. Along eadi ray, 
toward the marginal plates, there are, at irregular intervals, singu- 
lar pectinate pediceUarise, omsisting of groups of small incurved 
qtinules. Usually there are two, three, or four clusters. Each 
cluster, consisting of a row of three or four to six curved spinules, 
form one group ; and the ends of all the siunules converge to a pore 
in the center of the grot^). A much larger elliptical one, composed of 
ten to twdve spinnles on eadi side, occupies each actinal interradial 
area. 

The upper marginal plates are small, but prominent, and each 
bears a long, rather sbsut, acute, erect qnne, surrounded at base by 
a group of slender, unequal spinules. The lower marginal plates 
mostly bear three long and lai^ divetgent spines, the upper one 
largest, and rather longer than those of the upper plates; between 
and around tiieir bases there are slender spinules. The adambulacral 
plates bear upon the inner edge a rounded group of about six very 
slender, blunt spines ; the two lateral ones are very abort ; ^k middle 
OKS, long; outside of these there is a transverse row, usually of 
three much loiter and larger Uunt spines. 

Dixon Entrance, British Columbia, ii fathoms (type, collected 
by Dr. G. M. Dawson, 1885). 

Dr. Fisher records it from eleven stati(Mis, in 56 to 159 fathoms, 
from Berii^ Sea to Kadiak, Alaska. 

Suborder PAXILLOSA (Perrier), emended. 
Pa^ritlota Pmm (u an order), Exptd. Trav. et Talism., pp. aS, ag. 
PanOota VtnoLL, Tran*. Conn. Acmd., x, pp. igp, aoo^ an, 1899. 

These are Phanerozona in which the two rows of marginal plates 
are usually well developed and often qiinose, and usually have well 
developed fasdolate grooves between them. The dorsal or abactinal 
plates are usually developed in Ae form of true columnar paxillx 
or spinopaxillac, sometimes as pseudopaxillx. Pedicellariz are often 
present, usually consisting of several connivent papilhe, or spinule- 
Hke structures, snrroundhig a pore. Sometimes forceps-like forms 
occur. 

Bivalve valvular pedicellarix are lacking. Ambniacral feet are 
generally pointed ; sometimes flattened and natatory ; rarely with a 
small ternitiuU knob, but without a sudcer. 
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Ambulacra! ampulUe single or double. Dorsal pore present or 
absent. Supetambolacral {dates osoally [Hvsent ; sometimes absent 

The Paxillosa should cmly include such groups as have neither true 
bivalve pedicellariae nor sucker-feet The existence of true paxiUi- 
form plates cm the dorsal surface cannot be made an invariable 
diagnostic character, for they occur in some forms of ValvutoM. 
The develof»nent of the ambnlacral feet varies much in both groups, 
and depends mainly on the nature of the bottom conmionly 
inhabited. 

The families represented in shallow water on the Northwest coast 
are Porcellanasterids, Astropectinidfe, and Luidiidsc See families 
enumerated on page 283. The only family not represented is Goaio~ 
pectinidse, a deep-sea group. 

Family ASTROPECTINWJE Gray (restricted). 
Attnftctinida (p^s) Gkay, Ann. and iSag. Nat Hi>t, p. I4p, iSfSi 

Sjoopsis, p. 2, 1866. Sladcn {part) Vor. Challenger, xxx, p^ 174, i88g 

(include* L«m(m). 
Atlroptetinida Sladek, op. dt, 1859, p. 175. 
Attroptetwida (Benae extended) FIshbk, <^ dt, 1911b, p. 37. (Analjlkal 

table of all recogiuEed genera). 

Paxillosa in which the disk is usually small or of moderate size, 
the rays often much elongated. The dorsal surface is generally 
covered with highly dcvelc^d true paxillx (rarely with para- 
paxillx or pseudopaxilbe) , commonly covering foscicdated inter- 
spaces with intervening simple papulae. 

Both rows of marginal plates are usually large, the inferomar- 
ginals often the larger. They are either granulated or spinulose and 
often very spinose, with more or less simple fasctolated grooves 
between them; not covered by a thick skin. Adambulacral plates 
usually spinose on the actinal surface and with a divergent row of 
furrow-spines, without a web. 

Pedicellariae are often lacking ; when present usually fasdolate or 
spiniform, or ccxisistii^ of two short connivent rows of spinules 
surrounding a special pore. Ambulacral feet in two rows, large, 
usually pointed, never with suckers. AmpuUs double. Dorsal 
glands and pore usually present. Superomaiginal plates present. 
Interactinal plates wanting, or more or less numerous in regular 
simple rows, usually spinulose and with fasdolated grooves between 
all the rows, but without marginal webs. 

The aproctous condition, fcwmerly supposed to be characteristic 
of fte family, is unreliable, for in nearly all the genera referred to it 
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by Mr. Sladen there is a perfectly well defined dorsal or " anal " pore, 
and in some of the genera the pore is even elevated on the sununit 
of a dorsal cone or chimney {PsQaster, Ilyaster, etc). This pore, 
whidi I have designated as " pseudamu" or "nephridiat port," 
serves in each of these families (and in Astehoidea generally) mainly 
for the discharge of the secretion of the branched, dorsal, glandtilar 
OTgua, probably nqihridial in function, situated above the stomach 
and often called " cacal appendages." These glands are sometimes 
absent. Whether the central pore serves as a true anus in any of 
these starfishes is very doubtful, for the intestine is usually nearly 
or quite abortive. In any case, it is often impossible to ascertain 
this point without actual dissection of alcoholic or fresh specimens, 
which are often not available. 

I have been unable to demonstrate a functiooal intestine in any 
case, and have never observed fcecal matter in the so-called intestine ; 
nor have I ever seen such substances dischar:ged 1^ the dorsal pore 
by any living starfish, thoi^ I have studied thousands of living 
specimens, including numerous genera and families. In Pterasteridie, 
however, the intestine is very obvious. 

The ^stenoe of definite fasdoles of specialized ^nnules or 
papillae on the margins of the plates, so as to form covered chan- 
nels along their sutures, in this and the related families, is evidently 
a character both of moTiAolc^;;ical and of physicdogical importance. 
The existence of suc^ fasdoles is correlated with the mode of life. 
Such forms as have them appear cnnmonly to live more or leas 
buried in soft mud or sand, and the fasdtdes are evidently for the 
purpose of providing a free circulation of water around the whde 
surface of the body, both to provide for respiration and to keep the 
surface of the body free from dirt. The paxilliform plates and 
spinulea also contribute to both these functions and also serve to pro- 
tect the dermis and papulae from dirt. 

The typical Astropectinidx are among those best provided with 
fascioles and with the most highly developed forms of paxillx. They 
are also those that are eminently dwellers on and benead] mud and 
sand. The pointed form of the ambulacral feet is correlated with 
the same habit, but they are not confined to such places. 

The genera Ctenodiscus, PorceUonaster, Lttidia, and allies have 
similar but even more specialized, structural ad^>tations for the same 
purposes. 

Dr. Fisber thinks that it is not possible to divide the family into 
subfamilies, as others have done. Owing to the recent discovery, in 
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the deq> sea, of ntuneroiis more or less intennediate gcnen, dw 
limits of such groups, as wdl as those of recognized families and 
geneia, have become more and more indefinite. Probably fature 
discoveries will make them even more so. 

Still it is convenient to recognize subfanuly groups, even if not 
always closely definable by any one or two characters. It is the 
combination of several characters that comits most in all ^ larger 
groups. 

ANALYTICAL TABLE OF NORTHWEST AMERICAN SHALLOW- 
WATER GENERA OF ASTROPECTINID^ 

Hargmal pUtei thick, convex, qnDuloM on tbe whole larfKc; tqiBrated 
bjr deq) atitunU grooves, which are lunally bordered by muij rom 
of fine fudolated spintdes. Intenctiiut pUtei, when prefcnt, 
coavex, apinnloM, ptendopiuutliforni, and fuciolated. 

A. Marginal platei of botii leriea Urge; lower ones mostly Tatuh prolonged, 

reaching the adambnlacrali. Doraal plate* ate tme colomnar 
pa^lbe; intcractinal platea few or ncme. Rayi elongated. 
Astrofecttn (rcttricted). 
AA Lower marginal platei are not so much prokuiged adorallj. Inter- 
actinal phttes are in rows, forming a triangular area. 

B. Doraal platea form convex ptendopaxilbe with itellate bases; interactiiial 

plates are flat or convex pseudc^taxillK, in diree or more paired 
rows, widi an odd interradial row; not evidently imbricated; 
lower marginal platea are abont cqna] in length to two adambula- 
crali; spinoic centrally. Ray< ratiier long. Marginal fasdolated 
groove! are simple and narrow. Adoral marginal adambnlacial 
•pinea are deep in tbe grooves. 
BiModailtr. Type, B. ritttn Verrill. 

BB. Dorsal platea are true columnar paxill« or parapaxillte 

C Lower marginal plates are ntually sptnose and qwinlose, as in Attroptcttn. 
Rays elongated. 
Attroftctimdtt Verrill. Type, A. metacutHs (Staden). Antarctic 

CC Marginal plates not spinoie, but covered with minute spinules; latttral 
grooves wide and deep. Rays short or rather short. Odd acttna) 
interradial plates are present. 

D. Marginal plates ahort and about eqnal in number to tiie adambolacral 
plates; upper oat* much smaller than thf lower; both aeries 
become oblique diatally, the sutures slanting adorally. Actinal 
plates have a raised center, or carina, and strong lateral fasdolea. 
Lfftychatter Smith. Type, L. kergtulentnsis. 

DD. Harpnal plates few, large, subrectangular, iubeqnal in breadth, each 

about as long as two adambolacrals ; grooves wide, not notsUy 

oblique distalb*. Intcractinal plates fasdolated, in three or more 

rows, rounded, convex, tabntate, not carinate ; a f 

GlyfkatUr. Ty|w, G. anom^ut (Fisber). 
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Genus Aatropecten Gray (emended). 
Attrapeettn (pars) Giay, Ann. and Mag. Nftt Hiit, vn, p. iSo, 1840; S]r»- 

tem, p. 3, 186& Mnller and Trotchet, Sjtt Arter., p. 67, 1843; SUden, 

op. cit, 18S9, p. 193. Fisher, op. at, ipiifr, p. 55. 
Sitilaria Nabdo, Oken'i Isia, p. 716^ 1834 (kom MuUer, Mollusca, 1833). 
Atttrias U Asassiz, Prod, p. 191. 1835- 

Rays more or less elongated, subacute, flat above, with true abac- 
dnal, stellate paxillae, and stout, fasciolated maii^inal plates. The 
upper marginals are convex, encroaching more or less on the upper 
side of the disk, usually spinutose, sometimes almost gianulose, and 
often with one or two superior spines or tubercles. Lower mai^nals 
spinulose and spinose, prolonged actinally, most of them reaching 
the adambulacral plates; but one or two interradial pairs may not 
reach the adambulacral plates, and in that case one or two pairs of 
small adoral interactinal ossicles may intervene, but these do not form 
regular rows, nor an important triangular area. The species having 
an important group of actinal plates are here separated as a genus, 
Astropectnudes. The lower mai^nals are closely spinulose and 
fasciolated laterally. Adambulacral plates about equal in number 
to lower marginals, the imier end angular. They have a horizontal 
group of about three furrow-spines and a divergent stellate group 
on the actinal side, often with die central spine enlarged. The 
papulae stand singly aronnd the dorsal paxillae, generally absent along 
the median line. Dorsal pore usually lacking, sometimes present 
Superambulacral plates well developed. Pedicellariae generally 
laddng. 

ASTROPECTEN SIDEREALIS Verrill, sp. nov. 
Plate u fiffnre 6 (dctsib). 
Astroftettn armatiu FisHn (n«« Gnj}, op. dt, igitfr, !>• 5<SC pL v, figi. i, a; 
pi vn, figs. 3. 6; pi. L, fig. 4: pL u, fig. 3. 
A variable species. The type has the following characters : Disk 
of moderate size, thick; rays five, rapidly tapered, acute. Radii, 
14 mm. and $8 mm.; ratio, 1:4-15. 

The upper mai^jfinal plates are short, caavex, praninent, their 
u(^r ends rising above the level of the abactinal paxillie. They are 
separated by rather wide and deep tasddated grooves ; those in the 
interradial angles are externally wedge-shaped, with the sutures 
vertical, but distally the sutures become oblique and the plates 
scarcely wider than loi^. Most of their outer surface is dosdy 
covered with small, rounded or hexagonal granules, which grade 
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into the small ^inul«8 of the fasdoles on the sides. At the summit 
of more or less of the [woximal plates there is a small, nipple-shaped 
or tiiimble-shaped spine, n^iich is liable to be broken off, leaving a 
small, pit-like scar. 

The dorsal paxilbe bear smaQ, regular, stellate groups of short, 
somewhat unequal, davate or capitate spinules. In the larger ones 
there is nsoally a central, laiger, capitate spinule, surrounded by a 
circle of about six to ^fat smaller ones ; these are surrounded by a 
marginal circle of about ten to fifteen of about the same size. 

The lower marginal plates are strongly spinose ; most of the sur- 
face is covered with small, flat, more or less imbricated spinules. 
There is a submedian row of six to e^t unequal, roundish, acute 
spines, increasing in size outwardly, the last, or next to the last, being 
mudi the laigest, stout and acute, not much flattened; sometimes 
there is a smaller slender one above the largest. 

Adambtilacral plates have a convex inner or furrow^roup of 
about four slender spines, of which the innermost is latger, longer, 
angular, and stands in front of the others. On the actinal side there 
is a central, erect, unusually large, flat, blunt or truncate, often 
grooved spine, and back of this a row of three or four much smaller 
spines, of similar shape, on the outer and proximal margins of the 
plate. 

The adoral and epioral spines are very numerous, short, stout, 
obtuse. 

It varies greatly in the length and sturdiness of the rays, in the size 
ctf the superomarginal plates, and especially in die number and form 
of the tubercles or spines on- the superomarginal plates. These may 
be reduced to a single imperfect series of small tubercles, or there 
may be one continuous series, or two imperfect series — rar^y two 
neariy complete series. They may be laddng proximally and pres- 
ent distally, or vice versa. Sometimes they become spine-like, espe- 
cially the outer ones ; but more often they are shtnt, stubby cones or 
blunt tubercles. Other parts also vary. Generally, however, the 
enlargement of the central spinules of some of the paxillae, the 
differentiation of the paxillae along the median line, and especially 
the scale-like, flattened, inferomatginal spinelets, remain pretty 
constant 

This species, in form and general iqipearance, resembles A. cer- 
steiii Luttoi, of Central America, which is now generally considered 
identical with the true armatus of Gray. This resemblance is due 
in large part to the character of the marginal spines in the interradial 
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regions, and the size and fonn of the maiginal t^ates. The easiest 
di^ctive mark is, peiiiaps, the flattened and imbricated condition 
of the inferomarginal spinules. 

I have conq>ared it with a type-specimen of arstedU, received 
from Dr. Lutken himself. The upper marginal plates in the latter 
have two small spines ; the dorsal paxillary spinules are longer ; the 
lower marginal plates have two distinct rows of larger spines, and 
the small spinules are more slender and not imbricated, nor flat and 
scale-like; the adambulacral spioes are stmilar, but more slender, 
especially the larger central spine of the actiual side, which is, also, 
less flattened. 

This species is allied to A. falifornicuSj but has coarser paxillary 
spinules, with a larger central one, and different jinnies on the 
maiginal and adambulacral spines. The latter never has spioes or 
tubercles on the upper marginal plates. 

Near San Francisco (Prof. W. E. Ritter). Type in Yale Museum. 

Professor Fisher (op. dt., 191 ib, p. 60) has given a nnmber of 
localities for this species, under the name A. armatus. They range 
from off San Pedro and Lcng Beach, California, to San Di^o, in 
4 to 130 fathoms. He considers that its range extends to Panama 
and Ecuador (as armatus) , but I consider the southern form distinct. 

VARIATIONS. 
Professor Fisher has given a detailed description and several 
figures of tliis species, and has very fully discussed its variations. 
Therefore it is not necessary to give many details here. The above 
description was written in 1904, long before his paper appeared, 
and was based on a rather average specimen, as the type. , 

ASTROPECTEN CALIFORNICUS Fisher. 
PUte L, &cnre 5 (detaili); pUte c, figure i; plate ci, &cnrea i, a; plate cii, 

figures I, a. 
Attropecltn eatiformciu Fisan, op. cit, tgo6, p, 399; op. dt, 19116, p. 61, 
pL VI, figi. t, 2; pL ni, fig. I ; pL L, fig. 5 ; I^- LI, figs. 2, aa. 
Diak small, but rather thick ; rays five, long, rather narrow, rega- 
larly tapered, acute. Radii, 17 mm. and 77 mm. ; ratio, i ; 4.5. 

Upper mai^final plates onmeroas, not very wide, nor much 
eocroaching on the dorsal surface, convex, separated by deep fesdo* 
late grooves, without special spines, but covered with unequal small 
spinules, of which those in two or three rows along the middle are a, 
little larger and capitate or like rounded granules, while the rest are 
longer, slender and blunt 
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The dorsal paxUUe are small, even, and mudi crowded, with 
regularly stellate, small, short, davate spinules, of which there may 
be ten to fourteen mat^^inal and 6ve to eight central ones on the 
lat^:er paxillz. On At center of the disk the paxilhe become smaller 
and very much crowded, so that they seem to blend together. On 
the bases of the rays they are about i nun. to 1.3 mm. broad. 

The inferomarginal plates are laige and very spinose ; dwy bear 
two submedian rows of acute spines, increasing in size upward, die 
upper two or three being much larger and Icmger than the rest, and 
on the basal plates they rapidly increase in size and beccxne flattened, 
somewhat paddle-shaped, with acuminate tips. The rest of the sur- 
face is covered with numerous small, somewhat imbricated and flat- 
tened, blunt spinules. 

The adambulacral plates have a furrow-series of three or four 
rather loi^:, slender, divergent spines; and on the actinal sde four, 
or sometimes five, mudi larger, flattened or paddle-shaped, obtuse. 
erect spines, usually standing two by two. The central spine of the 
furrow-series is stouter than the others, but stands a little farther 
within the groove. 

No pedicellariz were found. 

Off San Francisco (Prof. W. E. Ritter) ; Pacific Grove (Prof. 
W. R. Coe) . This species has a known range from Monterey Bay 
to Lower California. 

Dr. Fisher records it from numerous stations, from off Monterey 
to Guadalupe Island, in lo to 244 fathoms. Abundant off Monterey ; 
off San Pedro ; off Santa Barbara, etc, in 25 to 50 fathoms. 

ASTROPECTEN ORNATISSIMUS Fisher. 
Attroftctt* omatutimiu Pishu, op. dt, tgoOb, p. 119; op- ctt, igiib, p. 67. 
pL n, Ggs. 3, 4; ^ m, fig. 3; td. u, figs. i-ic. 

Allied to A. ctMf amicus. CMffers in having larger dorsal paxillac, 
with kn^r, more slender, and more spaced spinules ; in having the 
paxillae more uniform in size across the ray, not more elongated 
medially, nor smaller over a large central area, of the disk ; in havii^ 
more slender, longer and more tapered adambulacral spines; in 
having die upper edge of each arabulacral plate produced into a thin 
lamina between the pairs of ampullae, with its edge serrulate. 

Greater radius, 56 mm. ; lesser, 14 mm. ; ratios, i : 4 ( Fisher) . 

I have not received this species. Mr. Fisher records it from 
sixteen stations from off San Pedro and Catalina Island, to Guada- 
liqw and Cerros Islands, Lower California, in 47 to 207 faUKxns. 
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Genus Astropectiiiides Verrilt, nov. 
Tjpe, A. mttaculHi (Skden), u Atlroperttn. 

This genus is proposed for those species, usually referred to 
Astropecten, which have a well developed triangular acttnal area, 
covered with two or more rows of interactiiial plates parallel with 
the adambulacrals and corresponding to them in radial length. The 
prcncimal inferomai^ina) plates are correspondingly abbreviated, 
not prolonged nearly or quite to the jaws, as in Astropecten. 
The dorsal paxillse and ^pfei mai^nal plates are as in Astropecten. 

Several species, described as Astropecten. besides the type, belong 
to this genus. Among them are A. caUistus (Fisher) and A. cteno' 
pkorus (Fisher), Hawaiian Islands. The genus is extralimital 

The type, A. mesacxtttis Sladea (18S3; and op. dt, 1889, p. 219, 
pi. XXXIV, figs. 5, 6 ; pi. xxxvni, figs. 7-9), has twenty to thirty spinu- 
lose plates in each interradial area. It is from the Antarctic Ocean 
and the South Atlantic, in 44 to 90 fatfioms. 

Genus Bunodaster Verrilt. 

Plate Lxxxvi, figure* i, la; plate or, figoret i, la; {date cv, fignrea i, la. 

Btmodatttr Vnanx, Amer. Naturalist, xun, p. 554, fig. 4, September, 1909. 
Fiaker, op. cit, igii^j p. 164; 1911^, p. 40. 

Superficial appearance much as in some dorsally unarmed species 
of Astropecten, but with smaller marginal plates. 

Form stellate with elongated rays. Dorsal surface covered with 
low, convex, somewhat hemispherical plates, which are of the nature 
of parapaxilbe, with enlarged, somewhat lobed or stellate concealed 
bases, the Idbes slender and articulated, with single papuls between 
them. The surface of the outer boss, or raised part, is covered with 
numerous small, slender, divergent, spinules, which form simple, deep 
fascicles at the margins. 

Maif^inat plates not very thick, convex, all closely spinulose and 
the lower ones spinose ; the upper ones are rather small, in the inter- 
radial arcs, where the lower ones are not much prolonged adorally, 
bat end abruptly against a triangular area of fosdoled and spinulose 
actinal plates, which are flattish or convex and form rows parallel 
with the adambulacrals, or three V-shaped rows with two odd inter- 
radial plates in line. The adambulacral plates are tlie same in length 
as the synactinals ; they have a horizontal furrow-group of three or 
four spines and an actinal divergent group of similar ones. 
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Fasciolated grooves extend between the adambulacral and most of 
the interactinal l^tes. Jaws are very prominent on tfie actinal sur- 
face and bear numerous peroral and adoral qnnes on the sides and 
summit. The lateral penval spinules are fasciolated; the actinal 
groups or rows are connivent 

TUs genus is undoubtedly closely allied to Blakiaster, Persepkon- 
aster and Leptychaster, especially to the two former. 

Dr. Fisher ttiinks (op. cit., 1911^, p. 40) that it ot^^t to be united 
with Blakiaster, which he carefully describes fran the type. I have 
also studied the same type. It differs frfim that genus, however, in 
the less massive and differently shaped marginal plates, which are 
less complex and have more fully developed fascioles. The lower 
marginals have the sjunes in a central row or group, not submar- 
ginal. There is no differentiated median radial series of dorsal 
ossicles ; nor any notable number of secondary ossicles, so evident in 
Blakiaster; nor any median radial area destitute of papulx, as in the 
latter. There are well defined fascioles between the adambulacral 
and interactinal plates, not found in the Utter ; and the adoral adam- 
bulacral spines are deeply sunken in the groove, as in Persephon- 
asttr, but not in Blakiaster (type, B. coniau Perrier) . 

The abactinal plates are diinner, more regularly stdlate, and more 
delicately articulated by the slender radial lobes than in the latter, 
so that the test is more flexible. In Blakiaster the lobii^ is irr^ular 
and the edges overlap. 

In many of these characters it is nearer to Persephonaster, but 
the latter lacks the odd interradial interactinal plates, found in this 
genus and in Leptychaster. 

From the latter it differs in the characters of the abactinal 
ossicles, in the less profoundly fasctdated grooves between tjie 
marginal plates, and in other characters ; but it is perh^s as nearly 
allied to the latter as to Blakiaster. 

It is, in fact, a sort of connecting-link between these three genera. 
Possibly it may eventually be desirable to unite it with Leptychaster 
and Blakiaster in one larger genus, should more connecting species 
be discovered. 

BUNODASTER RITTERI VerriU. 
Plate Lxxxn, figures i, la (details) ; plate av, figures i, 2 (type) ; pbte cr, 

figures I, la (trpe, enlarged) ; text-figures Nos. 15, 16. 
Btmodatttr rilttri VmuLL, op. dt, xun, p. 554, fig. 4, igosk 

Rays five, regularly and rapidly tapered, slender, subacute; neatly 
stellate. Disk rather thin, flat, about as wide as the length of the 



>y Google 



SHALLOW-WATER STARFISHES JSS 

rays, with broadly curved interradial margins. Radii, lo nun. and 
32 mm. ; ratio, 1 : 3.2. 

Upper marginal plates regular, not very large, a little convex, nar- 
row and encroachii^ very little on the dorsal side in the interradial 
angles, but on die rays beccnning more conspicuous, as seen from 
above, slightly oblique, squarish. The two rows at the middle of the 
ray are separated by a space only about equal to the width of a plate ; 
they are regularly and uniformly and closely covered by small, erect, 
divergent, blunt, rough spinules, and separated by narrow, deep, 
finely fasciolated grooves. 



I, 0*, two row* dI 



The dorsal surface is covered with rather large, round, mostly 
equal, convex, stellate paxilbe, each covered with a laige number of 
regularly divergent, small, nearly equal, obtuse, rough spinules, of 
which the larger have from twenty to thirty. Those at the margins 
form simple, deep fascicles. When the spinules are removed, the 
plates are in the form of low, round-topped or nearly hemispherical 
bosses, mostly nearly equal in size and form, with only a few smaller 
ana, here and there, and separated by intervals of flexible integu- 
ment, with about six papulae standing singly and regularly around 
eadi plate. The papulae are lacking on a small central area of the 
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didc and on a small tmngular intenadial area close to the marginals, 
where tfie ossicles are more closely joined. They occur regularly 
on the rest of the disk and on the entire breadth of the rays, except 
distally, near the tips. There is no median radial band of ossicles 
differing in size or fonn from those adjacent and not surrounded 
by papulae, as is the case in Blakiast^. 

Seen from the inner side, the dorsal ossicles are all alike, auxpt 
for a few rather smaller ones, and lie in one plane. Their inner or 
basal portion is roundish, mostly with six slender, radiating lobes; 
or they may be called six-rayed stellate. They are articulated only by 
the slender ends of tftese radial lobes, which ordinarily do not show 
at all <»i the outer surface. The papular pores are between the radial 
lobes. 

The inferomarginal plates are short in the radial direction, in the 
intenadial arcs, scarcely exceeding the upper ones, wedge-shaped, 
thidc below. Towards the middle of the rays they become a little 
oblique, nearly as wide as long, somewhat rhombic, near the tips of 
the rays they become small, apple-seed shaped, and imbricated 
obliquely. They are covered with small spinules ; like the upper ones, 
and mosdy bear a small cluster, or short median row, of three or 
four small, slender, acute spines, much longer than the spinules. 

The triangular interradial areas, below, are flattened, with a 
pavement of slightly convex, roundish plates, mostly in three pairs 
of divergent rows parallel with the ambulacra; they are covered 
with stellate groups of numerous spinules, like those of the marginal 
plates, but rather longer. An odd interradial plate lies between the 
ends of the second and third rows. 

The adambulacral plates have a convex marginal series of about 
four rather long, slender, divergent ^nnes ; and «ie actinal divergent 
or stellate group of about six to eight smaller and more slender 
spines. 

Epioral spines small, slender, and very numerous, in two tar^ 
series. Perorals a little stouter. 

Apical oral spines four, rather stout, high up on the jaws and 
nearly concealed by the adjacent epiorals. The adoral adambulacral 
spines are deep within the grooves, opposite the lai^ and promi- 
nent jaw-plates, on the edges of ttie stron^y compressed adoral 
plates, forming a nearly simple curved row. 

When the epioral spines are removed, tite two prominent ridges of 
the actinal face of the jaw-plates are closely united, forming a con- 
spicuous, elevated, narrowly elliptical carina. 
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The terminal or ocular plate of tfie rays is relatively hr^, tiutk, 
trapezoidal, loader than wide. It is readied t^ about two or three 
rows of very small dorsal plates. 

No pedicelUtrix were found. 

Off San Francisco (Prof. W. E. Ritter). Only one specimen seen. 

Genus Leptychaster Smith. 
tfptychasttr Surra, Ann. and Ma^ Nat Hist, Mr. 4, xvn, p. no, 1876. 
Ltptoptychatttr Smith, PbU. Trans. Ror- Soc, ZodL, cxxmi, p. 378, 1879. 
/ Parattroptcttn Luiwic, Mem. Mus. Comp. ZooL, xxxii, p. 76, 1905. 
Ltptychatttr ipart) Fismt, op. dt, ipiifr, p. 4a. 

Stellate, with five short rays, rarely six ; disk broad. 

Mai^;ioal pktes, thick, oblique, at least distally, the upper ones 
often smaller than the lower and not encroaching mudi on tfie abac- 
tinal side, proximally; prtmiinent or carinate in the middle, with 
wide and deep fasdotated grooves between them ; covered with small 
q>inules, which become larger in the grooves. Dorsal plates are true 
paxillae, with roundish or somewhat stellate bases, in ttie papular 
areas; their spinelets are usually very small and numerous. 

The interactinal plates form an important triangular area. They 
are spinulose, thick or carinate, with deep fasciolated grooves 
between them. They are arranged in transverse rows running to Ae 
adambulacral pl^es ; or th^ may be said to be in rows parallel with 
the ambulaaa, with a few unpaired interradial plates. The trans- 
verse rows of interactinals nearly correspond in number to the mar- 
ginals, except in the middle of the interradial areas, where there are 
more. The adambulacral plates have a group of slender furrow- 
spines and a divergent group of similar ones on the actinal side. 

Dr. Fisher thinks that Parastropecten Ludwig and Glyphaster 
Verrill should be united with Leptyehaster. 

The discovery of L, paciAcus and other somewhat intermediate 
forms renders this view somewhat reasonable. It would seem, how- 
ever, that Glyphaster can be retained at least as a subgenus, if not a 
genus, for those species which, like onomalus, have rcAmst and 
squarish upper marginal plates, and the abactinal plates of die 
papular areas only slightly lobed. The inferomarginal plates are 
not oblique in the latter, and each corresponds to two rows of inter* 
actinals instead of one. 

Whether Panutropecten Lud. is strictly synonymous with Glyph' 
otter is uncertain. The type is P. intrmit Lud. 

The type of Leptyehaster is L. iergtutenensis Smith, from the 
Antarctic. In a later paper he used a revised spelling of the word 
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{Ltptoptychaster) , whidi has been adopted by Sladen and many 
other writen. The diange seems to be uncalled for and pedantic 

The type spedes is known to carry its eggs and ]roang oa tiie back, 
under the paxillary spines. This has not been observed in either of 
tbe Dortbem ^lecies. 

LEPTYCHASTER ARCTICUS (Sais) Sladen. 
AttrofecUn arctietu M. Sams, Reite Lofoden og Flnnwricen, Myt Mag. NaL, 

VI, p. i6i, 1851. 
Archaittr arctieut Vanix, Ainer. Joam. Sci, m, p. 914, i6f&. 
L4ftottychatUr orcHcut, nr. elmnahu Slabbn, op. dt, p. 1S9, 1889. 
LtptoptjckatUr aretietu Sujmm, op. at, p. I^ Verrill, Proc Nat Uos, 
xvn, p. 355, 1894; Amer. Joarn. ScL, xux, p. 133. 4!>5- Ladwif^ Fsana 
Arctia, i, p. 453, igock 
l^ptychatUr veHau Fisan, op. dt, I9II^, p. 43, pL vm, fig. i ; pL ix, fig. 4. 

This well-known Arctic and North Atlantic species has been 
recorded from the North Pacific by Fisher. It differs from the odier 
west coast spedes in having more slender rays (radial ratio, about 
1 : 3.25) and smaller superomarginal plates, about forty on eadi side 
of a ray, which form only a narrow mai^^ to the disk. The infero- 
marginals are quite oblique and have a narrow carina-like ridge and 
wide fasdolate furrows. Dr. Fisher has given a detailed descriptiiMi 
of North Pacific spedmens. 

In the North Pacific, according to Fisher, it rai^;es from Bering 
Sea to Yezo, Japan, in 73 to 107 fathoms. 

On the eastern coast of North America it is most frequent in 80 to 
200 fathoms. Its recorded raises in depth are from 50 to 965 
fathtuns (1350 fathoms, Sladen). 

It was taken by the U. S. Fish Commission parties at twenty-three 
stations, from N. lat 45° 14' to 38'' ag*. It always occurred in small 
numbers. It is found off the northern coasts of Europe, south to 
Norway and off Ireland, and northward to the Arctic Ocean and 
Barents Sea. It is evidently drcumpolar. 

LEPTYCHASTER PACIFICUS Fisher. 

Plate LxxiT, figure 5. 

Ltpljekasttr paeiAcut Fishr, Proc. Wash. Acad. Sd., vm, p. iia, igo6; vp. 

dt, 1911b, p. 45> pl. nn, ^. 3 ; pL ix, fig. 3 ; pi. l, figs, i, lo. 
LtptythatttT mHUspma Vnani, op. dt, igog, p. 553. 

Form regularly stdlate, with five tapering, acute rays. The radii, 
in tfie spedmen here described, are about 14 mm. and 35 mm. ; 
ratio, 1 : 2.5 ; often i : 3. 
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It resendtles L. arcticus of the Nwth Atlantic in form and siz^ but 
is a more robust species, with thicker disk and rays and larger and 
fewer inatf;inal plates. 

The marginal plates are about twenty-two on each side of a ray, 
finely ^rinulated, prominent, the lower ones projecting beyond the 
upper ones, and separated from them by a deep groove; they 
become somewhat oblique distally. The fasdolate grooves between 
the plates are deep and often nearly as wide as the ventral plates, 
proximally. The lower marginal plates are high, compressed, wedge- 
shaped. The dorsal paxillx are small, close, and covered with 
numerous fine, slender spinules. When the spinules are removed 
the columns are small, unequal, round, slender, with small capitate 
tips. 

The actinal plates are prominent, subimbricated, with deq> 
grooves between ; their summits are oblique, elliptical, covered with 
numerous elongated, slender spinules. 

The adambulacral plates project into the grooves, which are very 
narrow, and have deep Btsciolate notches between them. They bear 
a furrow-series of about five or six small, slender, subequal, rather 
short spines, and an actinal group of about nine smaller, divergent 
spinnles. No pedicellarix were found. Madreporite is small and 
sunken between the paxilbe. 

The two specimens here described were taken at Departure Bay, 
Briti^ O^umbia, by C. H. Young, 190S (Canadian Gecd<^i;ical Sur- 
vey). Unalaska to Straits of Georgia (Fisher), in 56 to 238 
fathoms. 

Althoi^b this species resembles L. arctiats of the North Atlantic, 
it is quite different in some respects. The adambulacral spines of 
the latter are larger, fewer, muc^ more unequal; the spinules of the 
marginal plates and dorsal paxillx are coarser ; the maiginal plates 
smaller, less prominent and more numerous, about forty to forty- 
four, while in this, when adult, they are from twenty-two to about 
thirty-five. The specimen figured was the type of L. mUlespma 
Veirill. 

Genus Glyphaster Verrill. 
GIfpkatUr VnuLL, Amer. Naturalist, zun, p. 553, 1909. Fltber, op. dL, 
19116, pp. 3ft S3. 

Disk broad ; rays very short Marginal plates duck and squarish, 
scarcely oblique. The upper ones encroach on the upper surface. 
Each inferomarginal corresponds to two adambulacrals cm the rasrs, 
and nearly diree in the interradial areas. The marginal plates are 
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covered with fine qnnales. The inferomargiiia] plates are convex, 
not carinated The dorsal plates are finely spinnlated paxiUje. 
AdambuUcral plates nrndh as m Leptyekatter. 

Professor Fisher (op. dt., 191 ifr) does not recognize this as a 
distinct genus. 

GLYPHASTER ANOMALUS (Fisher) VerriU. 

Plate I, figures i, a; pUte n, figures i, 2. 

Ltptyehotttr amomviiu Fisan, tgo6, p. II5; \91\b, p. 48; pL TO, £(. 4; pi. ix, 

fig. I ; id. I, fig*. 2, M. 
Glffhatttr mtowiaba Vnuu, op, dt, igosh xun, p. 554. 

The stoat inferontarginal plates on the disk and rays corre^xHid 
each to two adambulacrals, except tiie first pair, each of vhidi is 
connected with three adambulacrals by lines of interactinal plates. 
But in L. arcticus each inferaaiai|rinal corresponds i»'etty closely 
with a single adambulacral, except the two [ooximal intemdials, 
eadi of which is connected with two adambulacrals by lines of inter- 
radials. 

The sutures between the inferoaiarginals are straight and distally 
nearly at rig^t angles to the furrows, while in L. arctiau diey are 
all oblique and distally very oblique and curved, with the inner end 
turned adorally, so that the corresponding adambulacral is about 
opposite the outer end of the preceding marginal. 

The epioral side of the jaws is elevated and laterally compressed, 
narrower aborally, and the two halves are close together, leaving a 
narrow, strongly fasciolated groove between them, while in L. arcti- 
cus they are not so prominent, elliptical, with no distinct fasciolated 
groove. 

Bering Sea, off Pribilof Islands and St. Paul, to southern Alaska, 
and to Japan, in 32 to 688 fatboms; off Monterey, California, in 
871 fathoms (Fisher). 

FamUy PORCELLANASTERIDJE SUden. 
PoretUMtattirida Slakn, 1886; Vaj. CbalL, xxx, p. 135, 1889. Fisher, op, dt, 
191 lb, p. ai. 

Disk usually broad, with short Ta.y% and high margin. Marginal 
plates usually paired (inferior ones are sometimes abortive), thin, 
usually covered with strcHig membrane, seldom granulose, somdimes 
with spines; edges commonly fasciolated, or there may be special 
fasciolated or cribriform organs. 
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Dorsal ossicles dtber paxillifonn, or simple plates with a single 
spinule. Interactina] plates flattened, imbricated. Adambulacral 
annature simple, uniserial. Ampullae sin^e. No intestine. Dorsal 
pore generally absent Superambulacral plates usually absent. 

The stomach is very large; the food consists of fine mud or sand 
containing f oraminif era, etc., which these starfishes swallow in large 
quantities. Hence they are best adapted to life on bottoms of " Glo~ 
bigerina ooze," in the deep seas. 

This family was divided by Sladen, 1886, into two subfamilies : 
PoFcellasterinse and Ctenodiscinae. 

PORCELLASTERIN£ Slidcn. 
In these there are special localized cribriform organs. No fasdo- 
lated channels between the interactinal plates. Superambulacrals 
always or nearly always lacking. All are confined to deep water. 

CTENODISaN^E Sladen. 
In tibese there are simple fasdolated channels between the inter- 
actinal plates and continuous with more definite ones between the 
maif^inals, covered by small, flat spinules. (See pi. v, ^s. 6-80.) 
Dorsal {dates are paxilliform. Superambulacrals are present 

Subfamily CTENODISCWJE Sladen. 
Cttnaditema (subfamily of PorceUoitottmd*) StMMX, op. ctL, 1886; V^. 
dulL, xzjc, pp. i^, i^c^ 1SS9. 

Disk broad, flat, with short rays. Mai^inal plates thin, covered 
with membrane, not gianulose, paired and conterminal, in two 
closely united rows, furnished lateiaUy with specialized fasdolate 
grooves, covered by a sing^ row of flattened spinelets. Disk usually 
with true paxillse ; paxillar ctdmnns enlarged at base, but isolated. 
Actinal interradial areas covered with flat plates, with &sciolated 
grooves between the rows or double rows, cmtinuous with those 
between Ae marginal plates and adambulacral plates. 

An impaired interradial marginal plate, in each series, is present 
in Peetinodiscus Ludwig ; also an odd row of actinal plates. 

Adambulacral plates with a divergent group of furrow-spines, and 
some on die actinal side. A minute central dorsal pore, often on an 
elevation. 

At present this subfamily includes tmly Ctenodiscus and Peetino- 
discus Ludwig. It is nearly intermediate in many respects between 
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Poroellanasteriiue and some of the Astropectinidae, eapecially Lepty- 
ckaster. From the btter it differs in the aomewhat more spedalixed 
fasdoics of the tnarginal and actinal plates, and their diimier struct- 
ure and naked central porticns. From the Pctfcellanasterinc the dif- 
ferences seem important. The latter have moch more q>ecialized 
fascioles, in special locations on the margin, with none between the 
actinal plates, and usually lade regular dorsal paxillae, Like ttie 
latter, it has single andnilacral ampullae. 

Genus CtenodiicuB Miiller and Troschd. 
CiMUditau HCuK and Twacan,, S79L AsL, p. 76^ 184^ Sladen, op. dt, 
p. 170^ i88g. Fisher, op. dt, 191 ift, p. 31. 

Stellate with nearly vertical margins. Actinal piatts thin and flat, 
without granules ; covered with membrane ; the principal ones united 
in double radial rows, each double row corresponding to a single 
marginal plate and to two adambulacral plates. Thus the fasdolate 
grooves run between the double rows (or alternate single rows). 
But distalty, on the rays, the adambulacral and marginal plates cor- 
respond, plate for plate. 

Dorsal ossicles are true paxilUe. The upper marginal plates are 
high, thin, nearly vertical, and proximally form a narrow maigin, 
usually with a small sjnne to each plate ; but distally they encroach 
upon the upper side of the rays. 

The central dorsal area often has a more or less conical elevation 
of the dermis, covered v/itii paxillx like the adjacent parts, but finer. 
It is more prominent in the young, and when the stomach is filled 
with soft mud, as ts usually the case when living. 

The northern and arctic spedes (C crispatus) is circumpolar. 
Two closely allied species or varieties are found in Antarctic waters, 
<Mie on each coast of southern South America. Dr. Fisher thinks 
that they may not be distinct from C. crispatus. 

CTENODISCUS CRISPATUS (Retz.) Diiben and Koren. 

PUte T, figures 6, 7, % 8a (detaib) ; plate xux, figures 5, 5a (details). 
Aittria* criipabu Rnzins, DisscrL Asteriarum, p. 17, 1805. 
CtmodiscMt potarit and C. pygmaut MClub and Tboschil, Syst, pp. 76, 109, 

pL V, fig: 5. 184a. 
Cttnoditau critpahu DOnK and Koibk, K. Vet Akad. HandL, p. 353, 1844- 

Stimpson, Invert. G. Manan, p. 15, 1853. LAdcen, Grdnl Ecbinod, p. 45. 

1857. Verrill, Proc BosL Soc Nat Hist, x, p. 345, 1866; Amer. 

Naturalist xuu, p. 548, 54{h figs, 3,a,b <4-rayed and 5-ra7«d), 1909. 
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CUnaiitau cornievlahu Pmim, StdL dn Um^ p. 380, 1S75 (after LiodE). 

Duncan and Sladen, Echinod. Arctic S«s, p. 49, pL m, figa. iJ-20, tSSt. 

Sladen, Voy. Qull., p. 171, i889> Doderlefai, op. cit, p. 231, pL ix, figa. 

a, 3. 19<» 
CtenoMscus krausei Ludwic, ZooL Jahrb, Syst, i, p. ago, pL n, figs. 13-16^ 

CtffMidunw critpatus Fishsk, op. dt, 1911A, p. 31, pL m, figa. i^; pL n, figs. 

The following description is fnHn Alaskan spedmens. Di^ 
broad, thin, witli r^ularly curved interradial nmi^;ins, which are 
bordered by the summits of the thin uiq>er ends of the upright 
supercnnarginal plates, each of which usually bears a small conical 
spine. 

Rays five (rarely four), broad at base, rapidly tapered, subacute, 
varying considerably in length, relative to disk. Radii of a spedmen 
from off Chilikoff, Alaska, are 14 mm. and 24 mm. ; ratio, i : 1.7. 

Another, from the same place, has the radii 12 mm. and 23 mm. ; 
ratio, i: 1.9, These are of medium proportions; the ratios of the 
radii are often i : 2, and 1^ to i : 2^5. 

The dorsal paxillae are minute and pretty uniformly crowded over 
the whole surface. Madreporite rather large and conspicuous. 
Ocular plate rather large, shield-shaped, longer than broad, distal 
end notched. 

The upper marginal plates are closely united to the lower ones, 
end to end, so that the f asdoles between them coincide ; those in die 
interradial areas extend but slightly on the disk, but the small distal 
oats encroach considerably on the upper side of the rays. The mar- 
ginal spine is short, subacute, articulated en a central mammillifonn 
tubercle, which shows a central pit when the spine is removed. The 
tubercle is wider than the median naked keel of the plate, except 
distally on the rays, where the keel becomes wider. The fasciolated 
spinules are longer than the width of the keel, except distally on the 
rays; they are &Lt, and project at nearly right angles to the e<^es of 
the ked and paralld to the surface of the plate ; they form a sti^e 
regular dose row, with a small, well defined channd under them. 
This channel extends down between the inferomaiginal plates, with 
the same sort of fasdolated spinules ; but the latter gradually become 
shorter downward, and point obliquely upward. 

The inferomarginal plates of the interradial arcs are considerably 
shorter, vertically, than the upper ones, and have the naked median 
ked more than twice as wide, while toward the ends of the rays it 
bec<Hnes much wider, covering most of the squarish plates, the 
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fascinated sptnules becomiag very short. These distal [dates have a 
slightly granular surface, but no articulated granules. Most of the 
inferomarginals bear a small, subacute, articulated siHne or tuberde 
near the upper end. 

The actinal plates, in spednwns of ordinary adult size, fcHin six 
double rows,' running fn»n the six interradial inferomarginal plates 
to twelve adambulacral plates. The plates are small next ttie mar- 
ginals, but become much larger bnvard the adambulacrals ; they are 
srooolh, flat, irregularly angular, with rounded comers, and alternate 
closely in the two rows, without intervening grooves or spiouks; 
their united edges overlap slightly. 

Sometimes there are slight irregularities in this arrangemeot ; the 
more distal of the double rows may corre^Knd with but one adambu- 
lacral, on some of the rays. Farther out the marginal and adamtni- 
lacral plates correspond, and there are but two (or only one) actinal 
plates between them. Beyond the sixth mar^nal, the remaining 
five or six are joined directly to the adambulacrals. 

The fasdolated grooves run directly fmn between all the infero- 
marginal plates to the ambulacral grooves, thus passing between the 
doable rows of actinals ; and distally between all the marginals and 
adambulacral plates. They are bordered by regular, close, single 
rows of short appressed spinailes. 

The adambulacral plates are large and have a strong triai^ular 
lobe projecting into the grooves, ending in line with a sharp ridge 
that stands between the large ambulacral feet. The proxinial plates 
bear a series of three or four (sometimes five) acute, divergent 
furrow-spines; the distal ones, only two spines; on the actinal side 
there may be three to five small spines, mostly marginal. Oral spines 
numerous, the two medial adorals stouter. 

Color, l^ht yellow to pale orange, the upper surface often gray 
when the stomach is distended with mud, as it frequently is. 

The median dorsal nephridial cone is usually low in the adults, 
but elongated in the very yom^ ones. The central pore is minute. 

I have studied a considerable number of regular four-rayed 
specimens taken off the coast of New England by myself and by tin 
V. S. Fish Commission. 

This species is abundant in the Nortii Adantic and Arctic Oceans, 
on soft muddy bottoms, in from lo to 650 fathoms. It is found on 

'The detailed figure of these plates, given by Mfiller and Troscbel, is in- 
correct, u to didr regular arrangement in doable and sineje columot. (Sec 
pi. laix, fig. 5, copied from HuUer and Troachel, and pi. v, fig. 6.) 
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the east American coast from Greenland south to Cape Cod in 
shallow water, and in deep water to the latitude of Cape Hatteras. 
Particularly abundant in the Gulf of Maine and Massachusetts Bay, 
in 30 to lOo fathoms, where several hundreds are often taken at one 
haul of tiie dredge. It is also common on the northern coasts of 
Europe, south to Norway and the Faroe Islands. I have seen a 
number of specimens from northern Alaska. Off Chilikoff (Pro- 
fessor Ktncaid), described above, and from Vancouver Island. 

C. krousei Ludwig was described from two small qtedmens from 
Bering Sea. Both specimens had the larger radius i8 nun; lesser, 
9.5 mm. Subsequently Ludwig himsdf referred them to C. erispor- 
tus. According to his figure (see pi. v, fig. 6), they differ from 
those described above in having only two double ccdumns of actinal 
plates in the interradial areas, due, perhaps, to immaturity. 

Fisher records it frmn numerous localities in the North Pacific, 
mostiy from Bering Sea and off Alaska, southward to California, in 
31 to 1033 fathoms, and off the Asiatic coast to Japan. Off Gulf of 
California and Panama (Ludwig). Dr. Fisher also believes that the 
forms described from off the two coasts of southern South America 
as C. OHstraHs and C. procurator, by Sladen, are not distinct. If this 
be true, its range would be greatiy extended. 

It is a very variable species, if all the forms belong to one species. 

FamUy LUIDIWJE Verrill. 

LtudUda Vkuoll, Trani. Conn. Acad., x, p. aoi, 1899. Fiaber, op. dL, I9II^, 

pi 105. 
Lmdim^ (fttb&nuly) Sladm, op. dL, pp. 175, 244, iSBsh 

Disk small, covered with true paxilke, which are usually la^^ at 
the sides of disk and lays ; rays five to ten or more, k>ng, flat, flexible 
in life ; upper marginal {dates small, paxillif orm or indistii^;ui8hable ; 
lower ones laige, spinose, fasdoled, corresponding in number and 
lei^;th with the adambulacrals and separated from them thnnt^tout 
the rays by a small peractinal plate. 

The dorsal nei^ridial glands, or " coecal appendages," intestine 
and dorsal pore are lacking; the superomarginal {dates are small, 
usually not easily distinguishaUe. The papulx are branched. 

The g<mads are multifde and arranged in rows, with separate pores 
along the udes of the rays. 

PedtceQarix usually present on the actinal side, usually iorctpt' 
tike, witli two or three blades, or spiniform. 
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Ambalacn] feet large, flattened, muscular ; can be used as paddles 
for fading rq>idly along the bottom or just under the surface of 
sand or mod. 

This family seems eminently worthy of separation from Astropec- 
tinidc. Its whole structure is adapted to its life under the surface 
<rf sand or mud, and for rapid motion. I have observed that Luidia 
etathrata (see (d. an, fig. i ) swims or paddles with remaikable speed, 
just under the surface of the sand in shallow water, and that it swims 
or glides actively in an aquaritun, by using its feet as paddles. (See 
p. 7) 

Genus Luidia Forbes. 

LMdis Tarn*. Wem. Trans., i83g, p. 14; Mem. Went Soc nn, p. laS; 184a 
Unller and TroKhd, Sj*L Aster., p. 77, 1843. SUden, op. dt, p. 344, 
tSSsL Tahm, igilfr, p. 105. 

Rays five to ten, rather flat, flexible. Dorsal columnar paxilUe 
have lobate, articulated bases; summits either [Mainly paxillose or 
with a central spine or tubercle (spinopaxillc), or with both Idnds; 
largest next the lateral borders of the rays. Inferomarginal plates 
spinose and spinulose. Pedicellariae often absent; when present, 
forceps-like, with two or three blades or valves. They are usually 
situated oa the adambulacral plates; sometimes on the inferomar- 
ginals or peractinals. 

InfercKnargiiial plates transversely elmigated, with wide and deep 
fasdcdated grooves between them, bordered by slender spinules; 
central portion with one or more rows of spines. Superomar^nals 
small, paxiUiform, rounded. Adambulacral plates short, with one 
furrow-spine (rarely two) ; they are sq>arated by wide grooves. 
The dorsal paxilbe may be quadrate at surface and crowded, in 
regular rows, or stellate. Regular rows of papuUe between the rows 
of paxillflc. No superambulacral plates observed. 

LUIDIA FOLIOLATA Gmbe. 

Plate c figutei 3, aa; plate cm, figure 3 ; plale cv, figure 3. 

LMtdia foUoUOa Gwn, op. dt, Brealan, xun, p. 6g, 1S6& Ftscber. op. dt, 

igiib, p. io6t pL XIX, figs. 1-3; pl. XXI, figs. 3-5; pL uv> fiS- 3- 

This Species grows to large size on the California coast. One 

from British Columbia has the radii 25 mm. and 205 mm. ; ratio, 

1:8.2. Another has the radii 18 mm. and 130 mm.; ratio, 1:5.5. 

The rays are rather flat proxinially, gradually tapered to slender tips. 
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The paxilbe form reg^r longitudinal and transverse rows. 
Those next the margin are rather quadrate superfidally ; the antral 
ones are stnaU, crowded, roundish, stellate ; all have flat or slightly 
convex sumnuts. The larger are i mm. to 1.25 mm. broad; they 
have a central ros^te of small davate or capitate spinules, of whidi 
one, or sometimes two, stand at the center and six or eight around 
it; outside of this is a marG^nal horizontal fringe of longer and more 
slender spinules, twelve to fifteen ch- more in number, making 
fasciolated spaces. When the spinules are removed, the paxillary 
column has a somewhat enlarged, roundish or oblong-elliptical sum- 
mit; the base is r^^ularly four-Iobed; the lobes are carinate and 
articulated movably. Between the rows, alternating with the paxillae, 
are regular rows of large papular pores. Proximally there are, on 
each side, about five or six rows of paxillse. 

The upper marginal plates are paxilliform and similar to the 
adjacent paxillse, but closely joined to the upper end of the infero- 
mai^inals; distaJly tiiey become relatively larger. 

The inferiMnargitial plates are large and prominent, their upper 
ends defining the margin. Each bears about three to five principal 
spines, the outer ones larger, crowded, flattened, obtuse ; the lower 
ones smaller and more acute. Besidea these there are numerous 
slender, sharp, unequal spines below, and many marginal spinules. 

The peractinal row of ossicles is continuous with the inferontar- 
ginals, and each bears a cluster of slender spinules, like those of the 
latter. 

The adambulacral plates have an inner, bent, ang^ar or triquetral, 
subacute spine and about three sli^tly smaller, slender, roundish, 
tapered, straight spines in a triai^^ar group on the actinal surface. 

A few small actinal plates, near the mouth, bear small, slender 
spines. A few slender spinuliform pedicellariae, of diverse sizes, 
were noticed on the adambulacral plates and on the interradial areas. 

Color, mottled gray above, pale yellow below. 

This species is not uncomm<»i on the coast, in shallow water, from 
San Francisco, California, to British Columbia. Departure Bay, in 
17 to 25 fathoms, gravel and sand (C. H. Young, 1908, Canadian 
Geolc^cal Surv^) ; Pacific Grove, California (Prof. W. R. Coe) ; 
off San Francisco (Prof. W. E. Ritter) ; Victoria, Vancouver 
Island (C. F. Newcombe). 

Dr. Fisher gives its distribution as from Southern Alaska to San 
Diego, California, in 10 to 189 fathoms, mostly less than 80 fathoms. 
He had it from a large number of localities. 
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LUIDIA LUDWIGI Fisher. 
LMJtfis kidmip F^shd, op. cit, 1906, p. vu; o^ dt, igiifr, p. 113, fL xx, 
fifs. a. 3: pL XXI, ag. 3; pL ur, fisL 3, Mk 

Rays fire, long aod narrow. Radii, 13 mm. and 107 mm. ; ratio, 
1 : 8.3. Abactinal area of rajs has three or four rows of quadrate 
paxiUae on each side. 

The superomarginal [riates have small trtvalve and bivahre pedi- 
ceDarix. 

The inferomarginals have a similar pedicellaria on the upper end, 
and one to three, mostly two, lateral spines, and tiiree to six 
enlat^d spinelets, on the lower side, with small ^inelets over dw 
general surface. 

The peractinal plates extend to half the length of the ray ; and 
like those of the ioterradial areas, each has a rather prominent three- 
valved pedicellaria. 

The adambulacral plates have a curved furrow-spine, three sfmtes 
on the actinal side, and me or two smaller spines (Fisher). 

According to Dr. Fisher, this species occurs fn»n Monterey Bay 
to Santa Barbara Islands and San Pedro, California, in 15 to 50 
&ithoms, mostly on bottoms of mud or sand. 

LUIDU ASTHENOSOMA Fisher. 
Utidia astktitoioma FtSBn, (^ cit, igoti, p. ia4 ; igub, p. 116, pL xx, fig. i ; pL 
zxi, fig. i; (^. UT, fig. T. 

Rays five, very long, slender, flattened, fragile, with a small disk. 
Radii, 9 mm. and 86 mm. ; ratio, i : 9.5 ; width of ray at base. 
10 mm. to II mm. 

Inferomaigina) plates narrow, forming the margins of the ray, 
but not extending much on the dorsal surbice, each with a transverse 
row of tfiree large, sharp, adcular spines, and covered with very 
slender spinules ; fascicles deep and wide. 

The adambulacral i^tes have a transverse row of diree prominent 
spines, the inner one beii^ a saber-shaped furrow'Spine. The inter- 
actinal or peractinal plates have a bivalved, short, blunt, pafnllifonn 
pedicellaria. 

The dorsal paxill% are stellate ; some have two-valved, or some- 
times three-valved, pedicellariie. The superomarginal plates are 
about tvHce the size of the adjacent paxillse. The onl plates have 
bivalved pedicellariae (Fisher). 

Dr. Fisher records this species from thir^-f oar localities, in 1 1 to 
339 fathoms, between Monterey Bay and Los Cwooados Islands, 
Lower California. 



>y Google 



SBAIXOW-WATEK STABHSHES 337 

SPECIES WRONGLY ATTRIBUTED TO THIS FAUNA. 

Astervss rubens Linn. — Ives (1890) recorded this from San Luis 
Obispo. Murdoch recorded it from Point Barrow, Arctic Ocean. 
The latter proves to be AUasterias rathbuni VerriU. 

Asterias lurida Phil. — Ives (1889) recorded this frmn San Di^o, 
California. It is a Chilean species and not likely to be found in 
Califomian waters. The species mistaken for it is uncertain. 

Linckia guildingH Gray. — ^This species is known cmly from the 
West Indies and Bermuda. It was recorded with doubt by Ives 
( 1889) from San Diego. Probably his small specimen was the young 
of L. columbug. 

For southern (Pimamic) species recorded from Son Diego or fur- 
ther north, see below, p. 346. Perhaps some are errors as to locali^ 
due to misplaced labels. 

GEOGRAPHICAL DISTRIBUTION. 

The following account of the geograhpical distribution of the 
shallow-water species included in this pi^ier is intended merely to 
give the general facts, so far as now known to me. No doubt the 
elaboration of the extensive collections of Forctptitata made by the 
steamer Albatross, from deeper waters, will very materially change 
the range of many species now known mly from the shores and 
very shallow waters. 

For my present purpose, die entire region may be divided into 
four great feunal districts : 

I. The Beringian or North Alaskan. — ^This includes tite Arctic 
Ocean coast of Alaska and all the coasts and islands of Bering Sea, 
south to the Aleutian Islands and Alaskan Peninsula. 

II. The Columbia-Alaskan. — This indudes the coasts and islands 
of Ala^Qt, south of the Aleutian Islands, and the entire coast of 
British ColumlHa, with Vancouver Island; Puget Sound, and the 
northwestern coast of Washii^;ton; fbt Gulf o£ Georgia; and die 
Straits of Fuca. 

III. The CaKfomiOH, — ^This iticludes the middle and southern 
parts of the coast of Washington ; all of the Oregon coast ; and the 
coast of California to Pcnnt Conception, or the norUi end of the 
Santa Barbara Channel. 

IV. The South Califomian. — ^This includes the coast of southern 
Califtmiia, from the Santa Barbara Channel, Santa Rosa Island, 
and Santa Cruz Island to the middle part of the Lower Califomian 
coast. 
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This fanna was not original^ considered as pertaining to this 
report, but some of its q>ecies were introdurad tot special reasons. 
The list, however, is not thoi^t to be by any means complete. 

I. THE BERINGIAN FAUNA. 
The following species have occurred in less than 60 fathoms. 
Those with an asterisk prefixed occur also in the North Atlantic, and 
are believed to be circumpolar. 

Those with a dagger prefixed beloi^ more property to the 
Columbia-Alaskan fauna, and have their northern limits in the 
southern part of Bering Sea. 
*Asttriat actrvata St. 

Arctic Ocemn; Bering Sea; Bering Smit 
Atttriat mtdticiava Ver. 

Arctic Ocean; Bering Sea; Bering I.; Siberia. 
A. polyllula Ver. 
Arctic Ocean. 
LtptatUrict obUeta Ver. 
Bering Sea, 17 fath. 
L, aretica (Murdoch). 

Arctic Ocean; Point Barrow, 
t^. tpichlon alaskensit Ver. 

Aleutian Islands southward to Vancoorer t. 
'Ctenaittriat eribratia (Sl) Ver. 

Arctic coast of Alaska. 
*Sifphm<utmat albnla (St.) Ver. 

Bering Sea ; Arctic Ocean. 
Allattmat rathbitni Ver. 

Unalaska; Bering Sea. 
A. rathbHM* morton^iuu Ver. 

Norton Sd. 
Allatttriiu anomala Ver. 
Off St Michael's I. 
fHtnricia Itviutcula (St). 

Bering I. and Aleutian It. lonth to aonAeni California. 
iH. tevmtcula, rar. mMltupina F. 

Bering I., southward to Pnget Sound, 0^338 fathom*. 
fH, Itviiuntia, var. ipieuHfera (Clark). 

Aleutian Is. to Puget Sound. 
*H. tanpU»oltnta (MulL). 

Arctic coast south to the Aleutian It.; Point Barrow; off Washington 
(Fuber). 
»Var. ptctinala Ver. 

Arctic Ocean and Bering Sea; 41-349 fathoms. 
Var. ntdit Ver. 

Point Franklin, Arctic Ocean, 13^ fathoms. 
H. hmida Ver. 

Arctic Ocean to Dutch Harbor, Alaska. 
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H. tumida borealit Vcr. 

Bering Str, MOth to YakuOt and Sida, Aluloi; Siberia. 
H. orctica Ver. 

Cape Lisburne. 
t/f. asptra F. 

Bering Sea to Santa Barbara, Calif. 
'Solasttr tndectt (L.). 

Arctic Ocean; Bering Sea, wrath to Sitka; Qneen Charlotte Sd., 338 fath. 
iS. danuoni Ver. 

Kuril Is.; Aleutian la., soudnrard to California. 
S. iawtom aretiea Ver. 

Pmnt Franklin, Arctic Ocean. 
iS. ttimpttm Ver. 

Bering L and Comniander Ii., sonth to Oregon. 
S. paxiUatut Sbden. 

Bering Sea to Kadiak and to Japan; 56-350 fath. 
'CrosMtttr p^posM (L.). 

Cape Franklin, Arctic Ocean; Bering Sea to Oregon; Siberia; nmmoa 
off Alaska, 1-383 fath. 
iPUrasttr tisttlatus Ives. 

Bering I. to Paget Sd. 
•P. mUitaru MtilL 

Bering Str. to Aleutian Is. ; Str. of Foca, 100 fath. 
'P. puMllHs Sars. 

Off Bering I., in deep water. 
P. marsipptu F. 

Bering Str., 53-351 fath. 
*Pttratter obteunu (Per.), 

Bering Str. to Unataska and I 
P. (^tcmnu, var. octasltr Ver. 

Bering Str. to Pribilof Is. and B 
Pitmsteridtt aponu (Lnd.). 

Bering Sea. 
*DiplopteTasttr mulHptt (Sara) Ver. 

Bering Sea to Alevtian It., 8i<350 fath. ; off San Diego, Calif., 6^-640 
fath. 
*Ceramaster gnm^aris (R.) Ver. 

Bering Sea to Aleutian Is.; Str. of Georgia (?). 
C. patagomau (Sla.) F. 

Bering Sea to Aleutian Is. and Unalaaka; Southern Alaska, 41-134 
fath.; Gulf of California (Ftsher). 
TotiasUr arettau Ver. 

Bering Sea to Aleutian Is. and Kadiak, Alaska, and to Siberia; o-ioa 
fath. 
iHippasltria tpmosa Ver. 

Bering Sea to southern Califbmia. 
Lmdioiter dawtom (Ver.). 

Bering Sea to British Columbia, 56-159 fath. 
'Ltptycktsttr orcliau (Sars). 

Bering Sea to Bering I., and to Yezo, Japan 
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L. pcei^cus P. 

Bering Sea to Vancourer I. and to Str. of Georgia. 
Glyfhatttr omomoAu (Fisher) V. 

Bering Sea to •outhem Alatka and Japan; 3a-6B8 fath. 
*Cttm>ditciu eritpahu (Retc.) M. & Tr. 

Bering Sea to California and Japan; 31-1033 bth. 

IL THE COLUUBIA-ALASKAN FAUNA. 
This extensive r^cm comprise* by far the longest list of species. 
Those with an asterisk prefixed bekmg more pTX)perIy to the Berini^- 
ian fauna but extend southward, often far into this, in deep water. 
Those with a dagger (f) prefixed are more southern spedes that 
find their nortfiem limits in the southern part of lliis fauna. Many 
^>ecies are common to this and the next fauna. 
Pitatttr oekraettu (Br.) Ag. 

Aleutian It. and Yakutat to Honterer Bay. 
Var, nodifenu Ver, 

Sida; Britiih Columbia to Gulf of Georgia. 
P. conftrhu (St) Ver. 

Britiifa Columlaa to Paget Sd. and Vancotirer I. 
P.tatktnU (St) Ver. 

Vancouver L to Uonterey Bay; and as var. amtlralit, to San I>ieg& 
P. faueiipiniu (St) Ver. 

Britiih Columttia and Pnget Sd. to California. 
P. fajmtotiu Ver. 

Departure Bay, British Colombia, and Pnget Sound to Gulf of Georgia. 
P. brnispiHus (St) Ver. 

Waihbgton to Hooterej',- California. 
Asttrias vicloriana Ver, 

Vancouver I. 
A. natHfMtuu Ver. 

British Cotumbia. 
A. katktriHa Gray. 

Mouth of Colundiia River; Gulf of Georgia, 
Leptatteriat UftaUa Ver. 

Southern Alaska. 
L. macomm Ver. 

British Columbia. 
L. mtquaUs Ver. 

Orca, Alaska. 
L. coti Ver. 

Southern Alaska. 
L. vancouvtri (Per.). 

Vancotiver I. 
L. htxactit (St). 

British Columbia to Monterey, Calif.; San Diego (?). 
L. (*9m/m (St). 

Britiih Columbia; Puget Sd. to SanU Barbara. 
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Vw. nana Vet. 

Gnlf of Georgia to CaUfornia. 
Var. eompaela Vet. 

Britiah ColumUa to Monterey, Calif. 
i. *piMora (Br.) St 

Dutch Harbor; Aleutian la. to Vancouver I, 
Sntupede* alasktmis Vet. 

Aleutian la. to Paget Sd. 
Var. cariMtUa Vex. 

Sonftem Alaska to Dutch Harbor. 
Var. ndtrta Ver. 

Aleutian Is. and Yakutat to Puget Sd. 
Snbapedo mOiaru Vet. 

Southern Alaaka to Queen Charlotte Islartdi. 
Snbfpede* plena Ver. 

VancouTcr I. 
Var. regHlarit Ver. 

Yakutat to Sitka, Alaska. 
Var. Mbrtgularit Ver. 

Southern Alaaka. 
Var. aubnodulosa Vet. 

Wrangel, Alaaka. 
Subspedea pugetana Ver. 

Puget Sound, 
i. (/) ditpar Vet. 

Dutch Harbor to aouAem Alaaka. 
Sltnasttrias macropora Ver. 

Sonthem Alaska. 
Evatltriat trotcheUi (St). 

Aleutian la. to Oteton; abundant from Sitka to Puget Sd. and Str. of 
Georgia. 
Var, mdis Ver. 

Aleutian la. to Vancourer I. 
Var. denttt Ver. 

BritiBh Columbia: Vancouver I. 
Var. sabnodota Ver. 

Aleutian la. to Sitka. 
Var. ahtolata Ver. 

Britiih Columbia; Vancouver L 
Var. porvupma Ver. 

Britiah Columtna; Sitka, Alaaka. 
Evatlerias aeoMtkosloma Ver. 

Vancouver I.; Britiah Columbia 
Onhasttriat eolMmbiana Vet. 

Yakutat, Alaska, to Victoria, Vancouver I.; La Jolla, Calii 
O. biordinata Ver. 

Departure Bay, B. C 
O. kcekkri de Lor. 

Vancouver I. 
O. Upieltna Ver. • 

Departure Bay, B. C 
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■iVer. 

QuccD Cbwiotte II, B. C 
O. iStylatttrioi) forrtri <Lor.} Ver. 

MontcrcT Bay; Alaibt (?). 
Orthasteriat forrtri forcipulala Ver. 

Depsrtnre Bar, B. C 
O. mtrriamti Ver. 

GUder Bay ind off Jooeui, Alaaka; Gulf of Geor^ ( ?). 
Diifolailfrias chtHftn Ver. 

Vanconver I.; Aladca <?). 
Panuttriat albtrtiHtu Ver. 

BritUh Ct^amUa. 
PyemopodU htUaiitlKHdtt <Br.) St 

Al«ntian Ii. and Yalnitat, Alada, to Monterey Bay. 
EckimuttT robiutmt Ver. 

Departure Bay, B. C 
Htnrieia Uvimatla (St.). 

Bering L and Aletttian la. to San Diego, Calif, 
Var. Umiuatta (St). 

Sitka to San E>icco, Calif. 
Var. hmmia Ver. 

Sidca to Uonter^ B^. 
Var. atUinuta Oark. 

Britiih Columbia and Vaacoorer I. to San Frandsco. 
Var. iiuqualit Ver. 

Queen Charlotte la., Victoria. Sitka. 
Subipeciea tpiadiftra (Clark). 

INiget Sd. to Bering Sea. 
Var. mitltitpima F. 

Bering I. to Vancoorer L 
Var. dyserita F. 

Sida to aontheni California. 
Var. aimtettnt F. 

Paget Sd. to Santa Barbara, Calif. 
Var. tfahiUfertt Ver. 

Sidca to Monteror Bay; Santa Oni la.(0 
*H. tangMtHolenla (MnlL). 

Arctic Ocean to Waahtngton ; 0-344 C>ti>- 
*H. Utmida borealu Ver. 

Bering Str. to Yakntat and SiOa, Alaska. 
H. tongitpma F. 

' S. Alaska to VanconTcr L ; 41-134 fath. 
H. asptra P. 

Bering Sea to SanU Barbara, Calif. 
*Sola*ttr tndeea (L.). 

Arctic Ocean, Bering Sea, soath to Sitka ; British Cohunbia. ajB fatfi. 
S. galaxidtt Ver. 

Vancouver I. and Ftiget Sd. 
S. daaisomi Ver. 

Aleutian Is. and Kuril Is. to tfonterey Bay; i-aap fatk 
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S. eonsUllalus Vet. 

Paget Sound 
•i". paiiOatut SUden. 

Bering Sea, south to Kadiak; Japan. 
*Crottasler papposut (Linn£) Ver. 

Arctic Oce&n, couth to Vancoarer I. and Paget Sd. 
Patvia miniata (Br.) Ver. 

Middle Ahgka, aontb to San Diego 1 Golf of California. 
Pleratltr tetsflatut Itci. 

Bering I. to Pugct Sd. 
P. Uittltttus htbtt Ver. 

Departure Bay, B. C. 
P. vudHtffinut Clark. 

Puget Sd 
P. grotiiM (Clarit). 

Puget Sd. 
*P. mUitaris (MuU.). 

Arctic Ocean and Bering Sea to Aleutian Is. ; Str. of Fuca, 100 fath. 
*Ctramatter gramilarit (Retz.) V. 

Bering Sea to Puget Sd 
C. patagomcHs (Sladeo) F. 

Bering Sea; S. E. Alaaka; 41-134 fath. 
MtdiatttT agtiaUi St 

Alaska Peninsula to Lower California, off Loi Coronados la. 
Hipposleria tpmota Ver. 

St. Georges I., Bering Sea, and Kadiak, south to sonthem California; 
37-331 fath. 
Dermatttriat imbricata (Gr.). 

Southern Alaska to Monterey Bay. 
Var. vahmliftra Ver. 

Sitka to British Colnrobia. 
Lmdiasttr dawtom (Ver.). 

Bering Sea to British Columbia 1 56-159 fath. 
CttnoditeuM crUpatus (R.). 

Arctic Alaska to California in deep water. 
Luidia foHolata Gr. 

Sonthem Alaska to San Diego. 

III. THE CAUFORNIAH FAUNA. 
The following list b not thought to be complete. Probably many 
more of those in the precedii^ list will be fotmd to extend into this 
fauna. The two faunae blend tt^^ether and overlap, so that no very 
definite divisicm can be made. This fauna is a blending of the 
preceding and following, with few peculiar species. The special 
distribution of many of the species is given in the preceding list 
and not repeated here. 
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Pisasfrr ocknctut (Br.) Af. 
Var. nodiftnu Ver. 
P. AuUpmut (St.) Ver. 

P. atkemi (St) Ver. 
P. paucuptMut (St) Ver. 
tP. eapitatut (St) Ver. 

Monterey Bay to San Dieffo. 
P. pganltfu (St) Ver. 

Tonules Bay, north of Sua Fraitcuco> 
P. hrtvitpmnt (St) Ver. 

Crescent City to Montercr, Csfif. 
P. in trayiVcr. 

Oregon. 
Atttriat kathmiia Gray. 

Mouth of Columbia ; Gulf of Georaia. 
Ltttasttriat ktxaelit (St) Ver. 

Monterey to Vanconrer 1. 
L. mquaiu (St) Ver. 

VancouTer I. to Santa Barbara, CaHi. 
Var. compacta Ver. 

VancouTCr I. to Hontcrqr, Calil 
Var. MtiM Ver. 

Gulf of Georgia to Hooter^. 
Var. eoncinna Ver. 

HMiterey, Calif. 
Bvaittriat trotektUi (St) Ver. 

Oregon and nortiiward. 
Ortkaittrias eaUfomica Ver. 

Near San Frandaco. 
O. forrtri (Lor.) Ver. 

Monterey and Santa Cms, Calif.; Alaika ( ?). 
*0. cotmmbiana Ver. 

U JoUa, CaUl, to Yakatat, Alaalca. 
to. gonoUna Ver. 

Gulf of CaUfomia; Lower California; Santa Barbara; San Diego, < 
Pycnopodia Mianthoidu (Br.) St 

Monterey Bay northward to Kadiak, Alatka. 
Potvniopnt inAita P. 

Oregon to San EHego ; a6-l5S> fath. 
Hgnricia ItviuttMla (St), 
Var. lu n u l a Ver. 
Var. atltnuala (Clark). 
Var. dyterila F. 
Var. anntettns F. 
Var. tpahMftra Ver. 
Patiriammiata (Br.) Ver. 

VaknUt Alaaka, lonth (o Gulf of California. 
Utdiasttr wquaKt St 

Alaaka, lonth to Lower California. 
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Hiftaitftio sonata Vet. 

Kadiak to Lower California ; 37-231 fath. 
OdoMtattfr erattus F. 

Monterey to San Diego; 49-384 fath. 
Dtrntatteriat imbritata (Gr.). 
Alaska, south to Monterey. 
Attropecttn caHfonucut F. 

Monterey Bay to Lower California. 
iA. jidtrealis Ver. 

Soutbcm California. 
Btmodeuter ritttri Ver. 
Califomian coast 
*Cttnodisciit eriipatus (Retz.). 

Deep water; California, north to Arctic Ocean. 
tLwdJo atlhenosoma F. 

Monterey to Lower California. 
Lttidia foUolata Gr. 

Alaska to San Diefo. 
iL. ludtvigi F. 

Monterey to Santa Barbara. 

IV. THE SOUTH CALIFORNL^N FAIINA. 
So far as known, this fauna has few spedes peculiar to it. The 
qiedes are largely members of the more northern faunae that extend 
&r south (indicated by an asterisk), and partly species of the more 
southern fauna of Lower California and tlie Gulf of California that 
range northward beyond the normal limits of that fauna (indicated 
l^ a dagger) . Some of the q>ecies, however, appear to be peculiar 
to this district, so far as known, and others have here their chief 
development or " center of distribution." 
*Puatttr ochraetut (Br.). 
PUasttr capitatiu (St). 

r Pitoiter brtvitpitms (St). 
*P. paiteiipiMu iSt.). 

SaoU Cruz, C^if . 
'Pitatltr ISiktnii (St). 
Var. oHStraiit Ver. 
Var. exqmtela (Lor.). 

SanU Cmz, Calif. 
iUartktuteriaj terttUiftn (Xantui) V. 

San Diego ( ?) to Cape St. Lucas. 
*Ltttatterias wquaiu (St). 
Var. mono Ver. 
\0rthatttria4 gonolem Ver. 

Santa Barbara to (julf of California. 
O. forrtri (Lor.) Ver. 

Santa Cmi to Mcnterey. 
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fEeUHotttr Itmtitpintu Ver. 
S«a Diego to Panama. 
Ponmoptit Mtbte F. 

San Diego to Oregon. 
*Htmneia ImiueiUo (St). 

San Diego north to Alaska. 
*Var. aKHteient F. 

Santa Barbara to Pngel Sd. 
•Var. ttatttUftra Ver. 

Santa Cruz I., northward. 
*H. atpen F. 

SanU Barbara to Bering Sea. 
*Patiria mimiata (Br.) Ver. 

San Di^o and Gnlf of California, north to YaktHat, Alaika. 
*M*dia*trr a^uaiU St 

Los COronados It., Lower California, and off San Diego, etc, north to 
Alailca Peniniala. 
Odimlatttr entnu F. 

San Diego to Monterey Bi^; 43-a84 fatk. 
'HippMltria tpmoto Ver. 

Off Santa Catalina Is., Calif., in So ftlh., north to Bering Sea, in lai 
fath. 
\Limekia Columbia (Gray). 

Santa Catalina It. and San Diego, to Colombia, S. A., and (jaUpagos It. 
Attropteitn sidertaiit Ver. 

San Di^o to San Pedro. 
A. califormeut F. 

Lower CaUfomia to Honter^ Bay; San Pedro, etc; 10-344 fath. 
A. onwtiitimm F. 

Catalina I., San Pedro, etc, Cerros Is. to Lower Olifomia; 47-307 
faO. 
Luidia foKotato (Gr.). 

San Diego to touthem AUaka, Katsam Bajr; io-i89 fttb. 
L. htdwigi F. 

Santa Barbara and San Pedro, OUi, to Mooter^ ; 15-50 fath. 
L. axOunotoma F. 

Lower California to Honterey; ii-33S) fath. 

The following species have been erroneously attnbuted to this 
&una: 
Atttriat htrida iPiuL) =Cotmatttnat huHa. See bdow, p. 358. 

Recorded by Ivct. A Chilean tpedet. 
Atteriot ntbtns L. 

Recorded by Ivet. European; not known frotn the Pacific Ocean. 
Phalaria biseriaUt Gray. 

Panamic fauna. 
Lmekia imUimgii Gray. 

Recorded by Ivet. West Indian. 
Attropecltn arttedm Ldc 

San Diego (Ives), iSgo- Panamic fauna. 
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AstTopecten erinactiu Gray. 

San Diego (Ives), iSga Panamic fauna. 
Luiiia brtvitpitta Lutk. 

San INego (Ives), i&ja Panamic fauna. 

V. SOME COMPARISONS WITH OTHER FAUN.C 

The following remarks and lists are intended to give only a gen- 
eral view of the relations of the Northwest Coast fanns with those 
of other regions. 

As remarked in the Introduction and shown in the preceding lists, 
a considerable percentage of the star&hes of the Beringian fauna are 
circumpotar. 

The total number of species and subspecies listed in the Beringian 
fauna is forty-four. Of these fifteen, or thirty-three per cent, are 
known to be drcnmpolar. Eight species, or about eighteen per cent, 
^ipear to belong more properly to the Columbia-Alaskan fauna, 
while many of the remaining species extend southward into the latter. 
Six of the remainder reach Siberia, and four species reach Japan. 

About sixteen spedes are either peculiar to the fauna or have there 
their principal development, so far as known. Of these, several are 
so closely allied to North Atlantic and Arctic spedes that they must 
be considered as of arctic or subarctic origin. Such are Asttrias 
mulliclttva; A. polythela; Leptasterias arcttca; Henricia sangmno- 
lenta var. rudis; H. htmida boretdis; H. tumida; H. arcttca; Solaster 
dttwsoni arctica; Pteraster marsippus; Pteraster i^scurus octaster; 
Pterasterides aporus; Lepiyckaster paciAcus. 

It is not improbable that most of these, as well as various spedes 
now drcumpolar in range, may have originated in Bering Sea or 
adjacent waters. 

A few spedes are identical with, or more dosdy allied to, northern 
Japanese or Asiatic species than to those of any other fauna. These 
are AlUuterias ralhimni, and subspedes nortOHensis; A. anomata; 
Solasttr paxiilatut, PatiHa mimaui, and Glyphatttr amomalus. Such 
species may have had thdr origin on the Asiatic coast, for the oceanic 
currents are mainly from that direction. 

When compared witib the Antarctic spedes, we find very tittle 
affinity, except in the cases of a few very widdy distributed deep- 
water genera and spedes, such as Ciramcuter patagonicus, CtenwUs- 
cits crispatus. These are of doubtful origin, having related species 
in many r^^ions. See bek>w. 
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VL RELATIONS OF THE COLUMBIA-ALASKAN AND 

CAUFORNIAN FAUN.E. 



Th« former includes a total of eigli^five spedea and named 
varieties; the latter includes forty altogedier. For my present 
puipoee these may best be considered collectively, as they have many 
species in common. The two lists include ninety-nine species, sub- 
species, and varieties. Of these only sixteen species and varieties 
are not known to occur in the Columbia-Alaskan fauna, while twenty- 
four are common to both. 

Of the ninety-nine forms, only aboot eight are of Arctic orig;in 
(indicated by an asterisk in the list), leaving nine-one that may be 
onstdered as characteristic of the rc^on. Of this number a few are 
more or less related to Arctic species generically, or have there their 
nearest allies. 

Among these are Asterias katheritia; A. victoriaita; Leptasterias 
UptaUo; SoUuter goiaxides; Hippasteria spinota. 

A few have their nearest known allies on the Atlantic coast of the 
United Stetes. Among these are Orihastenas cdumbuma. allied to 
O. tmuteri of the Atlantic ; Mediaster aqvalis, allied to M. bmrdU. 

A considerable number belong to genera widely distributed in all 
the warmer or temperate seas. Among these are the various forms of 
Henricia Uviuscula; H. longispina; H, aspera; Solaster stimpsoni; 
S. datosom; S. consteUatus; Pteraster tesselatus; P. mtUtitpmus; P. 
gracilis; one species of Astroptcten, and three of Luiditt. 

The species of Astropecten and Litidio are probably of trc^icat 
origin and their nearest allies apparently still exist in the Panamic 
fauna. 

Many species and several genera of this region do not appear to 
have any very closely allied species in other seas. Among these are 
the following : The genus Pisaster, with its eleven species and sub- 
species; Leptasterias epicMora, with its ten subspecies and named 
varieties, none of which seem closely related to Atlantic species ; L. 
ceei; L, kexactis; L. aqualts, with three varieties ; Evasterias tro- 
schelu, with five varieties ; E. acantkostoma; eight species of Orth- 
osterias; Parasleriai albertensis; Stenasterias macropora; Pycno- 
podia helianthoides; Dermasterias imbricata; Bunodaster ritteri. 

The last five are the only known representatives of their genera. 

A few spedes seem to be allied to some of those of the coasts of 
Peru and Chile, without any allies in the intervening tropical waters. 
Thus, Patina mittiata is not distantly related to P. chUensis, with no 
species of the same genus known between Lower California and 
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Pent, nor on the Atlantic coasts of America. Yet a much more 
closely allied species, P. ptctivifera (Miiller and Troschel), is found 
on the coasts of Japan, extending north at least as far as Vladivostok. 
Thas, the North American species is most likely a derivative of the 
Ji^Kuiese stock. The restricted g^us, itself, is widely distributed in 
the Indian and Pacific oceans, from C^w Good Hope to Australia 
and Japan, but the Japanese species referred to is decidedly nearer to 
P. miniata than any of the others.' All the species of the genus are 
littoral and shallow-water forms. This renders their wide distribu- 
tion more remarkable. Poramopsis in/lata Fisher is allied to P. 
eckinaster Perrier, of Patagonia, etc Odontaster erasjus seems to be 
related to the several forms of the same genus found off Patagonia 
and Cape Horn, bnt perhaps no more so than to the three spedes 
found off the Atlantic coast of the United States, especially O. 
robastus VerriU and O. hispidus Verrill. Ceramaster patogonicus is 
thought by Professor Fisher to have a continuous range, in the deep 
sea, from Patagcmia to Alaska and Japan. The same, be thinks, may 
be true of Ctenodiscus crispatus. I have not perstmally studied Ant- 
arctic specimens of these spedes. Luidiaster dawsom belongs to a 
deep-sea genus, widdy distributed. 

The preceding brief analysis of the faunal lists indicates pret^ 
clearly that much ttie larger part of the starfishes inhabiting shallow 
waters of the North Pacific coast, from middle California to Southern 
Alaska, originated on that coast and have received, at most, only a 
few additions from the Arctic Ocean and from the I^namic and 
South American faunx, in modem (geolc^c) times. 

About <Hie-half (forty-nine) of the total number of spedes and 
varieties in the lists belong to the family Asteriidse. 

VII. RELATIONS OF THE SOUTH CALIFORMIAN FAXJNA. 
The list above includes twenty-nine spedes and varieties. Of these, 
twenty-two spedes occur farther north. Of the remaining six spedes, 
three are known to occur in the f^namic fauna, and probably find 
here their ncuthem limits, viz^ Marthasttrias sertulifera; Echmaster 
tenttispmut; Linckio Columbia. These bdong to genera widely dis- 
tributed in tropical seas. The remaining three, at present, seem to 
bdong particularly to this fauna, viz., Astropecttn ndertalis; A. 
amatissimus; Orthasterias gtmoltna. 

* Professor Fisher, op. ciL igiifr, p. 35^ has given t veiT lueful tsble of tbdr 

differencea. 
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The two species of Astropecten are closely allied to Panamic spe- 
cies. The Ortkaslerias is allied to O. catiforvica and others from 
farther north, but it ranges to the Gulf c^ Catifomia. 

This faiuial district, as now known, does not show any ^>ecial 
peculiarities of its own. It is a meeting-ground, so to speak, between 
the Panamic and the Califomian faunae. Yet the list of spedes 
given above is doubtless veiy incomplete. 

It is notable that, while twelve species and varieties of Asteriinse 
reach this buna, CHily two extend southward to Cape St Lucas. 
From thence southward, on the wht^e extent of the coast to Ecuador, 
no member of this subfamily is known to occur in shallow water. 

From off Meidco, the Galapagos Islands, and Panama, in moder- 
ately deep water, Ludwig has described seven species, which he refers 
to Stolattmat, Sporasterias, and Hydrasterias. One of these appears 
to belong to Cotcinasterias, viz., C. tAexandri (Ludwig, as Stolas- 
terias, p. 221, pi. xxzii, figs. 190-193). It is from the Gulf of 
Panama, in 95 meters to 384 meters. 

Another, which appears to belong to Stylasterias, viz., S. robuita 
(Ludwig, as Stolaslerias, p. 228), is fr<»n off the Galapagos, in 
704 meters. 

The three species referred to Sporasterias do not seem to belong to 
that genus as herein restricted. 

5. manana a frmn off Las Tres Marias Islands, in 1244 meters; 
S. cocosana a from 245 meters, off Cocos Island ; S. galapagensis is 
from off Chatham Island, in 704 f athcnns. 

The dorsal plates and connective ossicles are broad, imbricated, and 
have a regularly stichasterial arrangement in the last two species, 
which are otherwise very distinct. , 

S. mariana has five rows of dorsal plates and no visible interactinals. 
It may belong to Distolasterias. 

Hydrasterias diomedea is from 155 meters and 121 meters, off 
Panama and Cocos Island. 

None of these species are neariy allied to any of the shallow water 
species of California. 

The subfamily Asteriinae is again abundantly represented by shal- 
low-water species on both coasts of southern South America from 
Chile and northern Pat^tmia to Cape Horn and the Antarctic 
Islands. Yet neariy all the species of these r^ons belong to general 
not found in the North Pacific and North Atlantic. 
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VIII. PATAGONLAN. FUEGIAM, AND ANTARCTIC SHALLOW- 
WATER STARFISHES CONTRASTED WITH THOSE OF 
THE NORTH PAQFIC COAST.' 

As already remarked, the Antarctic starfishes are abundant and 
diversified, especially those of the subfamily Astcriinae. Most of the 
latter, found in shallow water, bdong to genera peculiar to the 
southern hemisphere. 

One notable peculiarity is found in the large proportion of species 
that carry and incubate their ^gs and young, being brooders, m 
padophoric species. This peculiarity extends, also, to many of the 
Antarctic Echinoidea, Ophturoidea, and Holothurioidea. 

The genera of starfishes of the family Asteriidx, having this habit, 
differ, also, in anatomical details and in the position of the genital 
pores from those that produce minute eggs that develop into free- 
swimming larvae, as is ctmimonly the case with northern genera. 

Most of the padophoric Asteriidse carry their young in clusters 
under and around the mouth, as in Leptasterias of the north, but 
Stichaster nutrix Studer is described as carrying them in pouch-like 
diverticula of the stomach, at least in part 

This padophoric habit is not confined to shallow-water and littoral 
species, for it has been observed in seme species from omsiderable 
depths, such as Anasterias belgica Ludwig, and A. chirophcra Lud- 
wig, taken in 450 to 560 meters, in the Antarctic Ocean (see below). 
In these species the young are attached together in large groups, like 
clusters of grapes, by means of their adoral peduncles and a central 
stalk. 

Although many of the Antarctic species agree with Leptasterias 
of the north, in this habit of carrying their yotmg, and aomt of them, 
also, in general appearance, they do not appear to be nearly allied.* 
Most of them are regularly monacanthid, while Leptasterias is never 
truly monacanthid. S<»ne are diplacanthid, as in the case of Podas- 
terias steineni and P. lutkenii (see below, p. 361). 

In the case of Leptychasler kerguelenensis Smitti, the eggs and 
young are carried on the back, under the protection of the projecting 
^inules of the paxilUe, which is more analogous to the method in 
Pterasteridx, in which the supraspinal membrane gives additional 
protection, and for a longer period of development. 

* In ibe following review I have omitted tome imperfectly defcribed fomu 
and all the al^ual species. 

'It may be tafely assmned, I believe, that all species tbat carry their ef^ 
and young around the mouth, also have thetr genital pores on the ventral side, 
and therefore cannot be rongeneric with those that have them dorsal, as in 
typical Attttiat. 
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Another striking peculiarity of the AiteriinK of this r^on, uid of 
the Antarctic Ocean generally, is the lar|^ percentage of ^>ecies that 
have the skeletal plates, and sometimes the spines, covered with a 
thick and soft, but rather tou^ dermis, which is usually canalicn- 
lated. and often entirely conceals the plates in alcoholic preparations, 
or even in dry ones.* Even the spines, if small, may be submerged in 
the dermis, or appear as mere papillc 

In some cases such starfishes have the skeletal plates, more or less 
aborted, especially the dorsal ones, but sometimes even the upper 
marginals, as in Anasttrias, Padasterioi, and Adtlasttriat. 

FORaPULOSA. 

No doubt the most peculiar and remarkable species, pertaining to 
these southern waters, is the L<Aidiaster radiosus Lutken, belonging 
to the Bristngidse. 

It has a small disk with from twenty-six to forty-two rajrs, the 
number increasing with age, and grows to a large size. Unlike die 
other forms of Bri^gidae, it lives in shallow water, as well as at a 
considerable depths. It is found on both coasts of Patagonia and off 
Cape Horn, etc. 

The only other described species is L. mintlatvt Sladen. It oc- 
aured off Keiguelen Island and Heard Island, in 75 to 150 fathoms, 
and in the Arafura Sea (?) in 800 fathmns. It has forty to forty-five 
long, slender rays. It differs considerably in structure from L. radio- 
sus, especially in having the dorsal and superomarginal plates nearly 
abortive distally, on the rays, beyond the genital regions. This last 
character, with others, should require a generic separation. 

Therefore I propose for it the new generic name, LabidastrtUa, 
with L. amuiiata as its type. 

Aside from Labidiaster, the most characteristic species belong to 
the Asteriidx and Ganeriidx. There are several genera of Asteriidae 
that do not occur in northern seas, while most of the northern genera 
are entirely lacking. Thus there are no species of true Asterias, 
Pitaster, Orthasterias, Bvasterias, Urasterias, AUasterias. It is 
doubtful if there is any true Leptasterias, though some antarctie 

' The mparent ditckneu of tbe dennU depcn<ls much on the mode of pres- 
enratton, which should be stated in descr^itions. It is lurdened and con- 
tracted hj strong alcohol, and still more when dried, especiallr after being in 
akoboL In alcohol of about 70 per cent it ■■ veon naturaUj preserved. In 
very weak akobol and in formalin it nqr sweU ap and become soft Some 
of tbe diffimhiei in the ideotilication of inch itarfiibe* are thos dne to the 
mode of presemtion. In more catei it ii dae to tbe ne^igcnce of die deacriber 
in not deanhig and describing the ikeletal plates and pcdicdlariK; 
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spcdes have been described that closely reseniHe that genus, and may 
possibly belong to it. 

On the other hand, there are fonnd in ttie Patagonian fauna, and 
farther soutti, nnmerous spedes and varieties of monacantUd star- 
fishes, roost of which are known to carry their ^gs and young (pado- 
phoric) and to have, in those species dissected, ventral genital pores. 
These have been referred to the genera Anasterias Perrier, 1875 ; 
Calvtutmas Perrier, 1875; Sporaiterias Perrier, 1894; Padasterias 
Verrill, gen. nov. 

Another group of padophoric spedes indudes several diplacanthid 
species, belonging to the genera Podasterios Perrier and Gmnaster 
Perrier. None of these are known in the northern hemisphere. 

The genera Meyenaster Verrill, May, 1913 (mmiacanthid), and 
Cosmasterias Sladen, 1889 (diplacanthid), also characteristic of this 
region, have not yet been observed to carry thdr young. 

The most cotaraaa and abundant littoral and shallow-water star- 
fishes of both coasts of Terra del Fuego and Magellan Strait belong 
to a monacanthid generic group with a reticulated dorsal skdeton, 
for which Sporasterias Perrier, 1894, seems to be the earliest tenaUe 
name, with S. rugispina (Stimpson, 1862, as Asterios) for its type. 
This groups which we may also designate as the rugitpiHa — or <mt- 
arctico— group, has commonly been called Atuutmas Perrier, The 
Utter was (Higinally based soldy on A. tmnuto Perrier, a small, doubt- 
less very young starfish, with a thick dermis, rudimentary dorul 
skeleton, and few dorsal spines, and thus quite unlike the grot^ 
that we call Sporastmas. (See Anasterias, below, p. 354.) 

F. Leipoldt (op. dt., 1895, p. 563) proposed to imite nearly aQ the 
then known monacanditd starfishes of the Antarctic seas into one 
comprehensive and exceedingly variable spedes. This would be a 
very convenient arrangement, periiaps, if it would only prove true. 
No doub^ however, many of Uie nominal q>edes of this group are 
sjmonymons ; and the spedes are certainly variaUe, as are all others 
that carry and incubate their ^gs and young. 

Among the forma united by Ldpoldt, under the name Asterias 
rugispina, the following belong apparently to Sporasterias, having a 
reticulated dorsal skdeton and many spines, not submerged in a thick 
dermis; Sporasterias antarctica (Lutlcen, 1856) iS. nifw^tffa (Stimp- 
son, 1862, as Asterias) ; ^. vario (Riil., i8;o) ; S. rupicala (Verrill, 
1876, as Asterias) ; S. perrieri (Smith, 1876, six-rayed, as Asterias, 
noH A. perrieri Studer, 1884) ; 5". Cunningham (Perrier, 1875, as 
Asterias) ; S. spirabilis (Bell, 1881, as Asterias) ; S. hyadesi (Per- 
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rier, 1886, as Atttriat). Of these, S. rugispima appears to be dis- 
tinct hy reason of its lai^, wide, obtuse minor pedtcellariae, and 
few, ca{Mtate and sakate dorsal spines. 5. perrieri Smith, from 
Kergnelen Isbnd, is r^olarly ux-rayed ; S. rupicola Verrill, from 
the same place, a smaller, five-rayed form, with many ^ines and 
few and minute pedicellarise, is ^iparently distinct. (See betow, p. 
356.) All the others may well belong to a stogie species, for which 
S. amtarctica (Lotken) seems to be the correct name. 

ANASTERIAS (Perrier) restricted. 

In addition to all the above forms, Leipc^dt includes in the same 
composite species the f<dlowing, which have a rudimentary or partly 
abortive dorsal skeleton ; few small imbedded spinules ; and a diick 
dermis that conceals the plates, and largdy the sptntiles. These 
constitute, with others, the restricted genus Anatterias (Lysasteritu 
Fisher) : Anasteritu mimuta Perrier, 1875 (type) ; A. perritn (Stu- 
der), 1884 (MM Smith) ; A. vernUu (Bdl, 1881, as Asterias). Also 
Cohasterias stolidola Sladen. 

Fisher (1908, p. 88) pnqtosed the name Lysasterios to replace 
Anasterias Ludwig, with Astenas perrieri Studer, of South Geoi^ia, 
as the type, assuming that A. minuta beloi^ to a distinct genus and 
is identical with S. rugispma, etc. However, the or^;inaI description 
by Perrier shows that it has only isolated dorsal plates, oovo-ed with 
a thick dermis ; few imbedded dorsal spinules ; numerous pediceDaris, 
and most of the other characters as in ^. ptmeri Studer and A, 
studeri Perrier, Therefore, it is most likely the young of one of these 
or of some other closely allied species of the same group, and not the 
young of rugispina, nor of spirabilis, as has been thought, for the 
young of that group, when of similar size, have a reticulated dorsal 
skeleton, abundance of spines, and the dermis not tfaidc enou^ to 
c(»iceal the plates. Hence, I consider Lysasterias Fisher a synonym 
of Anasteriat. 

Since the specific name, Asterias perrieri Studer (1884), was pre- 
occupied by A. perrieri &nith, 1876, it requires a new name. There- 
fore, I propose to caU it ANASTERIAS LYSASTERIA. 

To the genus AHOiterias (restr.) Lodwig (1905, p. 42) added, 
besides the two species above named, three new species from deeper 
water, southwest of Cape Horn. The described species are as 
follows: 
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A. DtMnbi Per^ 1875. 

P:it>goni<ii and Fncgiui; shallow-water. 
A. lytatttria Vtr., nom. aav.^A. ptrritri (Std no* Smith). 

South Georgia, cast ashore; also Fnegjan (t Perrier). 
A. ttmdtri (Per.), 1891. 

Falkland la., 330 nieteri ; carried yotmg. 
A. verrittH (Bell, 1881, p. 513. p)- xi-nt, fig. 3, ai Atttriof). 

Faegiaa ; Gregory Bay, etc, littoraL 
A. loelto Lnd. (1903. p. 50). 

About S. lat 71*, in 450 meters. 
A. btlgic^ Lad. (1903, p. 5t). 

Abont S. lat 70*, in 560 meters ; carried young. 
A. ttntra (Kcehler, 1905). 

Wandel I. ; carried young. 
The attached young of A. belgica were described by Ludwig, 1903, 
p. 53, pi. VI, figs. 61-65 ; pi. VII, figs, 66, 67. 

For the following spedes, placed in Attasttrias by Ludwig, I pro- 
pose to establish a new genus : 

Genus Paedasteriat VeiriU, nov. 
Type A. thiropkora (Ludwig, op. dL, 1903, p. 43, plates v, n, vii). 

This is mcmacanthid and incubates its young, and therefore prob- 
aUy has ventral genital pores. Its skeleton is more reduced than in 
Anasttrias, the upper marginal plates being absent, except as rudi- 
ments distally. It is covered by a thick dermis and bears large, wide, 
fclipedal pedicellariae. 

It is found at f rtmi 450 to 560 meters, in the Antarctic Ocean, south- 
west of Ciq>e Horn, about S. lat 70" to 71'. 

Ludwig has carefully described and figured the attached young. 

Genus Sporasteriai Perrier. 
Type, Attrriat ntfu^ww Stisipsoa. 
Sporasttriat Pmin, 1896, p. 55. 
Anatttriai (part) PmiKt, 1S91 (nom 1873). 
Storatttriu Limwic, 1905. 

This is a monacanthid genus witit a reticulated dorsal skeleton, not 
replaced by a thick dermis, bearing numerous small, scattered spines, 
and usually numerous pedicellariae of both kinds. 

Interactinal spines are usually absent; sometimes there is an 
imperfect row. Inferomarginsl spines are usually two to a plate; 
superomarginal ones usually one to a idate; interactinal papuls 
usually solitary, enlarged proximally; jaws and adoral ridge narrow, 
elongated. 
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SPORASTERIAS PERRIERI (Smith). 
Atttriot pirruH Shitb, Ann. and Hag. Nat Hist, scr. 4. xm, p. 106, i8SNi 
(m«m Stnder. 1884; »om Anatttriai ftrrim Ludwig, igc^). 
This is a true Sporaittrias, with well developed skeleton and numer- 
ous spines. It is ngmtiy six-rayed. Smith states that his lai^est 
q>ecimen carried hundreds of attached young, alt of which were six- 
rayed. It i^ipears to be clearly distinct from the rugispituumtvctica 
group. 
Ttte type was from Kerguelen Island, in 5 to 10 fathoms. 

SPORASTERIAS RUPICOLA Verrill. 
Aiteriat rufieola Vnouu, op. dt, 1876, p. 74, 

This is a small, sbort-rayed form. The types, which were from 
Kerguelen Island shore, have the following characters when dry : 

The dorsal skeleton is pretty well developed, openly reticulated, 
with ntmierous moderately large papular areas, evenly distributed, 
larger on the basal part of the rays, mostly with two to four or five 
p^Hike ; single ones occur distally. The dorsal plates are not con- 
cealed by the dermis ; the dorsal spines are evenly distributed, short, 
davate, subequal, with no evident larger median row, <»ie to three 
OD the small nodal plates. 

The superomai|;inal spines form a distinct simple row, one to a 
plate. The plates being stout and imbricated. The inferomar^nal 
plates mostly bear two lai^er and longer davate spines. A wide lane 
between the upper and lower mai^nal rows, broadening proximally, 
has a row of large papular areas, with three to five papuUe separated 
by stout descending apo{^yses of the superomai^nal plates, some 
of which carry a sii^le small spinule. 

A short interactinal row of small plates exists proximally, some <^ 
them bearing a single spine. Between these is a row of single papuUe ; 
the proximal ones are often latter than the spines and infixed, as in 
other allied species. 

The adambulacral spines form a single regular row; they are 
smaller and more slender than the inferomarginals, and are distinctly 
davate. The interradial axils arc covered with a thicker canaliculated 
dermis without spines. The jaws are narrow. 

Major pedicellarix are few and small; some along the furrow 
margins and on the oral spines are thick, ovate or blunt-lanceolate; a 
few smaller, more acute ooes are on dorsal spines. Minor pedicellariae 
appear to be lacking in the several types. They are abundant in 
S. rugispina (Stimpson) and most of the other alUed forms, and there 
are other notable differences in the spines and skeletcm. 
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Genus Calvuteiiai Perrier. 
'X>pe, C, attirinoidtt Pfnier; SUdcn, iSSg^ p. 589. 
Cahiatlenos Pmun, op. cit, 1875, p. 348: 

This is another genus in which the skeleton, and also, lai^ly, the 
spines, are covered with a thick, soft dermis, entirely concealing the 
plates. 

It is monacanthid. An inq>erfect spiniferous interactinal row d 
plates is present ; usually there are two rows of inf eromarginal spines 
and a single row of superomarginals. Position of genital pores 
unknown ; nor is it known whether the young are incubated. 

The dorsal skeleton in the type consists of wide, lobed or substellate, 
imbricated plates, overlapping in both directicHis by their lobes, as in 
Stichattfr. Descriptions and figures of other spedes do not show the 
diaracter of the plates, and some may not be congeneric, if the plates 
prove to be abortive or rudimentary. 

In the type the dorsal spines are few, short, capitate, nearly con- 
cealed by the dermis and an abundance of papuUe of similar size. 

The type was suj^wsed to have been from Torres Strait, btit Sladen 
records the ^>ecies from the Falkland Islands. 

CALVASTERIAS (?) STOLIDOTA SUden. 
C. ttoUdota Sladkn, i88g, p. 590, pL a, figs. 3, 4; pL an, figs. 11, 12. 

This has longer rays than the type, with more evident, scattered 
dorsal spines, which are short, rough, capitate. The skeleton was not 
described, and so it may not be a true Calvasterias. Leipoldt united it 
to Sporasterias rugispina, with doubt 

This is from both coasts of Patagonia and the Falkland Islands, 
in 5 to 10 fathoms. 

MEYENASTER GELATINOSUS (Meyen, 1834, as Asterias). 
Atitrias TMStica Gbay, 1840^ p. 179; Synopsis, p. t, t86& 
Aittriai gtlatinosa Clakx, op. cit, 1910, p. 337, pi. n, fig. a. 
iityenajttr gtlatinosuj Viuiu, Amer. Jonm. Science, xxxr, Mst> I9I3> 
p. 348. Sec also Introduction, above, p. 54, for generic cbaractcri. 

This is a lai^^ and a very diaracteristic species on the west coast 
of Chile, from Iquique southward. It grows to the diameter of 
ao inches or more. It is monacanthid and usually six-rayed, yet five- 
rayed and seven-rayed specimens are frequently found. 

The only other spedes of die genus, known to me, is supposed to be 
from the Sodety Islands (No. 1427, CoU. Mus. Comp. Z06I.). That 
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U a iarge, five-rayed spedes, sinular as to qnnuUttoa and thidc 
dermis, but with very unlilM pediceDariie. 

Its major pedkellariae are remarkably ilender, mmieroua, part of 
them large, narrow-lancet^te and acute. The minor pedtcellarue 
are minute and very abundant, both oo the dermis and on thick sbeatha 
around the sulcated dorsal spines. 

This genus somewhat resembles Marthastenas. 

Genus Coamaiterlai Sladen, 18B9. 
Type, Atltriot titeiftn Pemer, i86g, = C. farufa (PhiL). 
Ditlattfrim {part) Pmn^ iSpi. 

This is also a genus apparently peculiar to the Patagonian and 
Fuc^ian r^on, where one species is abundant in shallow water and 
often at low tide. 

It is diplacantbid ; jaw-q)ine8 and adorals are elongated ; the dorsal 
plates form several longitudinal bands or rows, and in the adult each 
plate bears a group of short, unequal spines. There is at least one 
row of interactinal spines; often three or more rows, when adult. 
Large unguiculate or felipedal pedicellariac are found, above and 
below. Neither of the species has been observed to carry the young. 

COSMASTERIAS LURIDA (Phil., 1858) Ludwig, 1905. 
Cotmasttrias tuleiftra (Pmin, 1869, as Asltrw) Sladen, 1889. To tUa 

■pecies Leipoldt, iSpS, unite* the following: AsttraeoHtkum elavatrnm 

PhiL; A. fulvum PhU.; A. itteUbiU Phil.; A. milt PhiL; and SticluiUr 

Polygrammtu Sladen, 1887, 345 fathom*. 
The species last named seems to me deariy distinct (See bek>w, 
P- 360.) 

To the synonyms of this spedes it will probably be necessary to add 
Asterias obtustspinosa Bell, 1881, p. 93, pi. ix, fig. 3 ; and A. negUcta 
Bell, c^. dt, p. 94, pL IX, fig. 4. Both are Patagonian ; the former 
from Sandy Point, 9 to 10 fathoms. C. tdba (Bell), loc. dt, p. ^, 
pi. IX, fig. 3, also from Sandy Point, may not be distinct, though it has 
somewhat longer spines. 

C. stdcifera has been considered the type of Cosmasterias Sladen 
and DipUutmas Perrier. (See, also. Introduction, p. 48.) 

It is diplacantbid and has several (two or more) rows of inter- 
actinal plates ; its dorsal plates form unequal Icmgitudinal rows, each 
plate, in tfie adults, bearing a transverse group of short, tuiequat 
spines, becoming numerous in large spedmens. The minor pedicel- 
lariae are abundant around the spines and cm the dermis, and there 
are many large, scattered major pedicellaric, some of them unguicu- 
late (H- dentate. 
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It varies much in appearance, according to age, and has many local 
or casual varieties. Whether all the forms referred to it by Leipoldt 
and others really belong blether seems to me somewhat uncertain. 

I have studied a series of young and old from Eden Harbor, Pata- 
gonia, sent by the Museum of Comparative Zoolt^. These show 
wide variations, especially in the character of the dorsal rows of 
spines and the number of spines CHi each plate. The number increases 
rapidly with age, so that the larger spedmens (radius, 175 mm.) 
have very numerous, crowded, transverse groups of spines and pedi- 
cellariae, the median and some of the others forming thick, wide, longi- 
tudinal rows. The madreporic plate is surrounded by a drde of small 
special spines, increasing in number with the age, from six or seven 
up to twenty or more. 

The major pediceUarix are large and stout. Some are obtusely 
lanceolate or ovate, others are blunt and unguiculate, with few teeth. 
They are abundant 00 the edge of the grooves, where many have long, 
slender pedicels, and between the ventral and lateral spines, and <m 
the dorsal papular areas, where they are often stouter than the adja- 
cent spines. Minor pedicellariae are abundant on the dorsal dermis, 
crowded, especially over the transverse ossicles and between the 
spines. 

The laiger specimens may have tax to eight interactinal spines in a 
transverse row, arising, apparently, trom three, to five, rows of plates. 
Young specimens, with the greater radius 50 mm., have only two 
rows of interactinal plates, each with one cm- two ^ines, and the 
spines on both marginal rows stand partly singly, partly two to a 
plate ; there are but three dorsal rows, and the spines in these stand 
partly in pairs, partly sit^ly. 

This species occurs on both coasts of Patagonia and Fucgia, from 
low tide apparently to 348 fathoms. 

COSMASTERIAS TOMIDATA (Sladen). 
Cotmasteriat tomidata Slmxm, i88g^ p. 576. 

This has more regular rows of small, dustered dorsal ^ines, and 
very numerous dermal minor pedicellariB, larger than usual. The 
major pedicdlarise are numerous, large and stout, often much larger 
than the spines ; mostly strongly fdipedaL 

Gulf of Penas, 45 fathoms, Sladen ; Porto Lagunas, etc., 50 to 80 
meters, Ldpoldt ; off Argentina, S. lat. 44" sa*, 55 fathoms, coll. Mus. 
Comp. Zoology. 
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COSMASTERIAS POLYGRAMMUS (SUden, 1889) Verrill. 
SUckatttr folytrammui Slaikn, c^. dt, i88ft p. 434, ^ c, cm. 

A diplacantfiid species, easily distinguished by the conspicuous 
transverse w banded uraogement of the dorsal and lateral spines and 
plates. The dorsals and superranarginals form about seven long;i- 
tudinal rows. The spines are small and numerous, arranged in nar- 
row transverse rows of three to seven on Ae ossicles. The major 
pedicellarix are large; some of then are felipedal. Papular areas 
are in r^ular rows. Ventral plates bear four or five spines in the 
transverse rows. Position of genital pores unknown. 

The type was from 245 fathoms, west of Magellan Strait. 

Leipoldt considered this a form of Cosmatterias svicifera. The 
differences are notaUe. 

COSMASTERIAS BRANDTI (Bell) Verrill. 
Cotmatttriat brmdti (Bill, 18S1, p. 91, pi. nc, fig. I, u AtttriM'). 

The d<»^ and lateral plates are said to be about eleven in eadi 
transverse row, and to bear small spines, in transverse series. It may 
be the same as C. polygrammus. 

Trinidad Channel, at 30 fathoms. 

COSMASTERIAS FERNANDENSIS Meissner. 
Cosmuuttrias ftrmmdtnnt Mnssim, 1896, p. 104, pL vi, fig. i. u Atttriaj. 
[Polyajterias] femandtnsu de Loriol. op. cit, 1904. P- 41. pL m, figs. 
4-8 (rays unequal, fire or six). 
This has been recorded by Loriol f khd Golf San Mathias, E. Pata- 
gonia. The type was from Juan Fernandez. It ^>pe3rs to be auto- 
tomous, thou£^ often five-rayed. 

GASTRASTER STUDERI de Loriol. 
Gattnuttr ttadtri k Lomol, igo*. p. 34. pt ir, figs. 3-3f- 

This has four irregular rows of podia proximally, but only two 
rows on the distal half of the rays. Its relations are d>acure. It may 
be allied to Groitaster biseriatHS Kcehler. 

From Gulf San Mathias. 

Genus Adelastcrlas Verrill, nov. 
Type, **. papulosa (Koehler, igos. ■■ DipUuttritu). 
This is diplacanthtd and is covered everywhere with a thidc der- 
mis, which rises into numerous papilliform processes, botti on the 
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back and on the sides, which enclose rudimentary or nearly abortive 
spinoles. The skeleton is abnost entirely abortive ; niai|;inal plates 
are not present, unless as rudiments. 
The type is frcmi the Antarctic Ocean. 

Genus Podasteriaa Penier, 1896. 
Type, P. lUtkem Perrier. 
DipUuttriat {port) FnsiD, 1891, p. K, ;?. Ludwig, Voj. Iklgica, 1903. 

This genas is here extended to include several psedophoric dipla- 
canthid starfishes having a reticulated dorsal skeleton, not concealed 
by a thick dermis, and usually two or more rows of interactinal plates 
and spines. Thus they have a general resemblance to typical Asterias, 
like A. rvbens. As some of the species are known to carry their 
jToung, the genital pores are presumed to be ventral, but I do not 
know that any species has been dissected with reference to this. 
Among the spedes that appear to belong here are die following: 
P. liittetu (Perrier, 1891, p. K, 81, at Dipiattfriat). 

Foegian and Falkland Is, 95 to aao meten. 
Podastmas tttintiu (Studer, tSlj, pi 1, figs. 4a, b, aa Atttnas). Diplatttriaj 
tUiittni Perrier, 1891, p. K, 84. 
South of Cape Horn, 99 meters (Perrier). 
P. lovtm (Perrier, 1891, p. K, 8a as DipUuttrias) . 

S. tat. sa* 44' 31", 320 meters. 
P. tpincta (Perrier, 1891, p. K, Si, as Diplasierias). 

S. lat 47' ag^, depth not recorded. 
P. meridioiMtis (Perrier, if^s, p. 341^ as Atttritu). 
Antarctic Expedition. 
Some of the several species, from the same region, described by 
Bell in 18S1, probabty also belong here, but the skdetal structure was 
not described. 
The first two spedes have been found carrying thdr young. 
The name Diplasterias Perrier is not adopted for this genus because, 
as originally defined, its only character was the existence of at least 
two rows of adambulacral ^ines. This made it synonymous with 
typical AsteHas, which was the evident intention of Perrier, for be 
restricted Asterias to the mcmacanthid spedes. 

In the seomd place, his first spedes was A. sulcifera, which he 
evidently regarded as the type. But Sladen's report was published 
while his was being put in type. So that in an Appendix, p. K. 160, 
he admits the priority of Cosmasterias for sulcifera and abandons 
both Diplasterias and Podatterias (MS. name) and refers lutkem 
{ncn Stimpson) and its congeners to AsUrias, This will not hcdd 
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good, for his UUkemi m psdophoric. In a later work ( 1896, p. 35) be 
revived Podtuteritu, wiUi P. tiUkeni Perrier u the type. 

Fisher, 1908, p. 89, considered lulktni Perrier a Pisoster, and sag* 
gested a change of name, owing to the priority of Pisaster UUkemii 
(Stimpson). They are not ctmgeneric, the latter being monacanthid, 
and therefore no change is needed in the specific name. 

Genus Ciyptuterias Verrill, nor. 
Type, DipUuUriat lurqutti Kcebler, igos, p. 465. 
This is diplacanthid and has a reticohted dtu^ skeleton entirely 
concealed t^ a thick dennis. The dorsal surface bears soft dermal 
papilbe, some of which bear a few pedicellariz ; others, scattered, con- 
tain rudimentary spinules. There is a simple row of superomarginal 
spines and a donUe row of inf ercHnarginals ; ^iparently there are 
no interactinal plates. It is supposed to incubate its young. Antarctk. 

STICHASTER STRIATUS MiUler and Troschel, 1840. 

Atltriai mtnntiaca Hniif, Rmm tun die Erde, I, p. ago. 1834 (mm Lum£). 
SlitMatttr ttriahu MOlub and Tbucbh, op. ctt, 1840^ p. 331 (mon Astsriu 

shiatiu Lam.). 
StUhtuter aurmUaau Vmtni, 1867, pL 393. CUric, 1910, p. 337, pi nn, fig. i. 
Tottia atlwitiea Gt*Y, op. cit, 1840, pL 180; Synoput, t866, p. 3. 

This is, perhaps, the most abundant littoral starfish found on the 
entire coast of Chile, soath to Talcahuano, extendii^; northward to 
Callao, Peru (Yale Museum, F. H. Bradley). Common at Valpa- 
raiso, on rocks. It grows to large size, up to I3 inches in diameter or 
more. 

It is the tme type of the genus Stichaster, being the oaly species 
named when that genus was proposed in 1840. Perrier ( 1894, p. 131 ; 
1896, p. 37) was in errtH* in makii^ Asterias rotes the ^rpe. (See 
also Introdoction, p. 40.) 

It is not generically related to any North Pacific ^>ecies. It is per- 
haps the only known species that can be pn^>er]y referred to the 
genus Stiehaster. Nearly all those referred to it by Sladen and others 
have already been separated generically,' except, perhaps, 5. polypUa 
of the Australian region. This should clearly be generically distinct. 
I would propose ior it the name AllosHchaster. 

* Perrier, 1894, propoted the geniu Gratiatter for SHekattrr ittUrve Std ; but 
C. biMrialut Koehler (mnUrctic) Menu to be a distinct Kcniu, u it has onl; 
two rowi of podia. It may be called HEUIASTERIAS witii biteriotut V 
the type. 
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Genut AlloBtichuter Verrill, nov. 
Type, A- pttfyflax MuUer and TroscheL 
It is diplacanthid and multiple-rayed, with one to five madreporic 
plates, and is probably autotomous. The two rows of marginal plates 
are stout and imbricated ; dorsal plates and spines fonn five somewhat 
ifT^;ular longitudinal rows, several short, obtuse spines on each plate. 
Minor pediceUariae are dermal, usually not drcmnqunal. 

SPINULOSA. 

The Echinasteridc are well represented by Henrieia, several 
species ; Poramopsis, one species ; on the coast of Chile,^ by EcHinas- 
ter; at the Falkland Islands, by Cribraster sladeni Ferrier. 

Henrieia seems to have several species and subspecies, and these 
vary much as do the northern species. 

H. obem (Sladeo, 1889) was described as from a depth of from 12 
to 245 fathnns. Magellan Strait; Falkland Islands. 

H. pagenstecheri (Stnder) was originally from SoaUi Georgia. 
Shallow water (?). 

H. hyadesi (Ferrier 1891, as CnbreOa), Clark, 1910, p. 337, pL n, 
fig. 5. This was recorded by Ferrier from Fuegia, etc., and by Clark 
from Chile (ex. Meissner); 35 to aoo meters (Ferrier). 

H, studeri (Ferrier, 1891), from Magellan Straits, in 9 to 183 
meters. 

Ludwig, 1905, seems to consider all these as variattons of H. pagen- 
itacheri. To me most of them seem as distinct, if correctly described 
and ^ured, as some of them are from the corresponding Arctic 
forms. These species of Henrieia are all pretty closely related to the 
northern and Arctic species, contrary to those of the Asteriids. 

Cribraster is known only from the Falkland Islands; depth not 
known, probably littoral C. stateni Ferrier, 1901 (p. K, 104, pi. xi, 
figs. 2a, 2b, and Appendix, p. K, 161). 

Echinaster antonioensis Lor, 1904, and E. Upidus Lor., 1904, have 
been described from the Gulf of San Mathias. £. lepidus is said to 
lack interradial papular pores, and in that case it bdongs to Rhopia 
Gray, near R. sepositns, of the Mediterranean. The former species 
is related to E. brasiliensis. 

Poraniopsis echtnotter Perrier, 1891 (p. K, 106, pi. x, figs. 2, 2a, 
95 meters). This is nearly related to P. inSata Fisher, from the 
North Pacific. 

Poraniopsis mira (=LahiUia mira de Loriol, op. cit., 1904, p. 33, 
pi. Ill, figs. i~ih). 
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This is a large species with short, stoat rays, from the Gulf San 
Matfaias, E. Patagonia. 
Perknaster densut Sladen. Off Kerguden Island; 127 faHioms. 
P. fuscut Sladen. Off Heard Island and Kerguelen Island ; 25 to 
75 fathoms. 

The family Acanthasteridc, pertaining almost entirely to tropical 
aeas, and always rather rare, is said to be represented by a species in 
the Magellan Straits, but the only record seems to be an ancient cme 
and may not be rdtaUe. It has not been found there by any recent 
expedition. 

Acanihtuter tolarit (Schr.) Duj. et Hup£ (P^frs) was described by 
Gray, 1866 (as Echinarter Solaris), from this region, but aj^arently 
without any modem record. According to htm, it has twen^-ooe 
rays and ten madreporic plates. Duj. and Hup£ united all the known 
species under this name. 

A. elUm (Gray) occurs in the Panamic fauna. It usually has from 
eleven to thirteen rays. 

The oldest known species, A. pUmei (LJmii, Syst. Nat., ed. X, 
Appendix, p. 823, as Asteriat ptanci), occurs apparently throughout 
most of the Indo-Pacific Oceans, in the tropical zone. The type was 
described by Linni as having fifteen rays. It came from Goa, Poi^ 
tuguese India, and the figure of Columna (Phytobasanos, pi. xxzm, 
fig. A) was referred to as its basis. The figure is characteristic and 
the name sboold be adc^rted. It is the same as A. ectUtms (Ellis 
and Sol.)=^. gehimtes of Lam. and of many recent writers. 

llie number of lays and madreporic plates is variable. Usually 
there are from fifteen to twenty very spinose rays. 

The famSy Asterinids ts unusually well represented. On the 
coast of Peru and southward Patina chiltnsis (Liitken) and P. gayi 
(Perner) are recorded. They are closely related and probaUy not 
dinstinct species; also, Patirielta calearata (Perrier) and P. pusiOa 
(Perrier). Desmopatiria fiesilis Verrill probably occurs on the 
same coast, but its origin is not positively known. 

Farther south, on the coasts of Chile and Mi^iellan Strait, and 
around Tierra del Fuego to Cape Horn, the very CMmncMi, small, lit- 
toral and shallow-water species is Patiriella fimbriata (Perrier) or 
P. hisfinosa (Perrier), if the latter, a stq>posed variety, proves to 
be distinct 

P. Smbriata, as originally described, was labelled as from Bourbon 
Island, but Perrier himself expressed doubt as to whether the locali^ 
labels were correct, owing to the close agreement with spedmens 
from Chile. 
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The type bad mostly a single spine on the ventral [dates, while the 
Patagonian fonn usually has two spines on many trf the plates. There 
are, also, some differences in the dorsal spinulation, so that they may 
prove to be distinct ; yet I am not aware that it has been found in 
tropica] seas by later collectcH?, and the ancient Bourbon Island label 
may have been wrtxig. I have examined numerous specimens from 
Magellan Strait, and found but little variation, but have seen no 
authentic tropical specimens. It has a thicker dermis than usual, and 
is not a typical Patiriella, 

P. calcarota and P. ptuilla are, however, more nearly allied to sev- 
eral African and Australian species than to any in the northern hemi- 
sphere. 

Asterinides ptrneri=Astmna perneri At Loriol, 1904, a small 
species from E. Patagonia, Gulf of San Mathias, sppem to belong 
to the genus Asterinides, bat may be dosely related to P. Umbriato 
OT Inspmosa. 

Etwplopatiria marginata, which has been recorded from near the 
eastern end of Magellan Strait, is a oMnmon Brazilian spedes, extend- 
ing northward to the West Indies, and recorded also fnHn the west 
coast of Africa. A closely related new spedes, E. sidirea, in our col- 
lection, is labeled as trom Panama (tfenor. Captain Dow, of the 
Panama and California steamship line). 

E. siderea Verrill is a rather large spedes, radii, 24 mm. and 48 mm., 
with stout, short, broad rays and well defined p^fmlar areas, with 
numerous forked dorsal pedicellarix ; ventral plates wi& a comb of 
three elongated spines; four webbed furrow spines. 

It differs frtnn E. marginata in having the spinules of the inter- 
radial dorsal plates longer, widely divergent, stellate and paxilliform, 
and in other characteristics ; but it is evidently dosely related, so much 
so that I formerly suq>ected the correctness of the label, banking that 
it might have come from Colon, aa the Atlantic side, and might be 
only a large variety of £. margtHOta. See plate cix, figure 4. 

The family Ganeriidae is very characteristic of the Patagonian* 
Fuegian fauna. Indeed, nearly all the known genera and spedes 
are from that region and adjacent districts. 

Of the genus Gaiuria Gray, 1847, Perrier, 1891, ncogtaxed four 
species; viz.: G. falklandica Gray, 1847, Falkland Islands; east of 
Magellan Strait, 55 fathoms, Sladen; G. robusta Perrier, 1891, 28 
meters ; G. hatini Perrier, 1891, 138 meters ; G. papHlosa Perrier, 1891, 
depth not given. 



>y Google 



366 VBUULL 

Tbe gcmu Ltbnuuattr Perrier, 1891, p. K, 11^ type L. paxiUottu 
Pcrrier, from Patagonia, depth unknown, is known CMily from this 
faona. 

Numeroas nominal ipedes of Cycttkra have been described from 
Magellan Strait and the coasts of Patagonia and Terra del Fu^o, 
where tbe genua is common and variable. 

Ludw^, 1905, reduces them mostly to varieties of C. vtmuota 
(PhiL). This spedes includes C. nitida Sladen, Meissner + C. elec- 
lilis Sladen, Lelpoldt + C. simplex Bell, Meissner + C. pmguis 
Sladen + C. ganeriodes Penier + C. eUmgata Perrier + C. media 
Perrier+C asterina Perrier+C. subeUctiUis Perrier+C. calva Per- 
rier + C. regularis Perrier +■ C. asteriscns Perrier. The last eight 
forms were regarded by Perrier himself as mere varieties of C. sim- 
plex, as well as some of the others. 

Tbey are common in Magellan Strait and southward to C^ie 
Horn, from low tide to 40 fathoms. Cyceihra lahiUei de Loriol, 
1904. p. 25, pi. II, fig. 2, from Gulf of San Mathias, a^ipears to be 
a distinct species, with short rays, imperfectly devel(q>ed marginal 
plates, and slender paxillifonn spimiles. 

One of the generic types, common to this region and die N<vtfa 
Pacific, is Peribolaster, of the family Korethrasteridie, of which only 
two species are known. P. folicttiata Sladen ocmrred in 45 fathmns, 
west of Patagonia. P. biseriaiis Fisher, 1911, ranges from Cali- 
fornia to Berii^ Sea, in from 57 to 313 fathoms. 

Tbe family S<dasteridte is represented in moderate depths by 
Sohster austroHs (Perrier) and Lophaiter steUaiu Sladen, both <^ 
which have occurred in from 30 to 40 fathoms. In greater depths 
several additional species of those genera occur. (See list of deeper- 
water species below, p. 368.) 

These are genera widely distributed in all seas, especially in rather 
deep water, aming into shallow water only in the o^der r^ons. 
Some of the Antarctic species are closely allied to those of the North 
Pacific and Arctic Ocean, like those of other families from deep water. 

The PterasteridK are also well represented by several species of 
Pttraster and Diplopteraster in waters of somewhat greater depths. 
These are also allied to the corresponding species of the North 
Atlantic and North Pacific. ( See list of deeper-water species below, 

p. 368.) 

The genus Retaster, which is represented by two spedes, does not 
onnr in northern waters, but is found in the Indo-Pacific rqrion. 
f nun C^>e Good Hope to Australia. The Patagonian species are as 
follows : 
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R. gibber Sladen, 1889; Ludwt^, 1905, pi. v, figs. 6, 7. This 
occurred in from 14 to 245 fathoms, in Magellan Strait. 

R. verrucosus Sladen. This occurred in 55 fathoms, in Magellan 
Strait. 

PHANEROZONA. 
The family Odratasteridx is better represented in the Fuegian 
fauna than in most regions, some spedes occurring c(»nmonly even at 
low tide and in shallow water. Several nominal species have been 
described, some of which Lndwig (1905) and others reduce to syno- 
nyms. Ludwig recf^nius three shallow-water species ; viz. : 

1. O. grayi (Bell, non Perrier) — Gnathaster gn^ Sladen = 0. 
pedicellaris (Perrier). 

2. O. penicillatus (PhiL) + O. pUulatus (Sladen, as Gnathaster) 
+ 0. meridionalis (Smith). Leipoldt, 1895. 

3. Asterodon singuhris (Mailer and Troschel) Leipoldt, 1895, pi. 
xxzi, figs. 7a-e, as Odontaster = A. granulosus Perrier, 1891, pi. xi, 
figs. 40, b. 

A. belli (Studer) Perrier is probably not distinct from ^. nfi|i(/arii. 

The first species is from a depth of 10 to 97 meters. The second 
species ranges from 5 to 150 fothoms. Several other antarctic species 
have been described from deeper water. (See Sladen ; also ^ehler, 
1905.) 

Luidia mageUameia Leipoldt, 1895, p. 610, pi. xxxu, figs. iio-^. 
This b remarkable as inhabiting cold waters, for all the other numer- 
ous species inhabit tropical or ten^rate seas. The type had the 
radii 20S m. and 35 m ; ratio, 1:6. Its nearest related species are L. 
beUotue Ltitken, which rai^^ f ran Chile to Mexico, and L. phragma 
Clark (1910, p. 329, pi. n, fig. i), which was supposed to be from 
Pern. This may, therefore, be considered as rae of the few that were 
probably of Puiamic origin. 

IX. UST OP PATAGONIAN AND FUEGIAN' STARiaSHES FOUND 

IN FROM 50 TO 500 FATHOMS, MOSTLY RELATED TO 

NORTHERN OR ARCTIC SPEQES. 

In the somewhat deep, cold waters on the " continental slopes " (50 

to 500 fathoms), a considerable number of geneia and species have 

been found that are closely related to those of the North Pacific and 

North Atlantic and the Arctic Ocean. Many of these have been 

recorded by Sladen, 1S89; Perrier, 1891 ; Leipoldt, 1895; Lndw^f, 

1905 ; Kohler, 1905, and others. Amot^ them are the f cdlowing : 

' Som« ipedei from KerKoden ItUnd, etc, arc here included, but aome are 
the two regions. 
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CMtimasttTiat eandicaiu (Lud., 1905, u Stolatttriu). 

S. lat. 70* to 71° ; 450 to 560 meters. 
PedictUatttr OHtarelKtu LucL, 1905. 

430 to 450 meters. 
P. acabtr (Smith) Perrier. 

Kerguelen I, etc 
Httuieia smpks (Sladen, i88ft as CribrtUa). 

Antarctic ; 50 to 310 fstbrnns. 
H, pratlatu (Sladen, as CrOfrtUa), 

310 fathoms. 
M hyadtti (Perrier, 1S91). 

35 to 300 fathoms. 
EehinasttT tmithH Lndwig. 

450 meters. 
Solaster octoradiatu* Lndwic. 

450 to 500 meters; S. tat 70* to 71*. 
SoUuttr sMbaraulus Sladen. 

ISO fathoms. 
Solasttr reguiaris Sladen. 

175 fathoms. 
S. atistralis (Perrier). 

6s to 198 meters. 
Lofhtuttr tutlant Slado. 

40 to 1335 fathoms. Includes L. ftntaetiM Per., soo meters. 
PlertuttT tttlUftr Sladen. 

34s fathoms. 
P. rugattu Sladen. 

ISO fathoms. 
P. iHgotdR Per. 

Fuegian ; 370 meters. 
P. Itbruni Per. 

Fuegian; 80 meters; 450 meters, Ludwig; S. lat. 71° 24'- 
ZHphpttnuttT verrucojiu (Sladen, as Retatter). 

East of Magellan Strait; 55 fathoms. 
D. peregrinator (Sladen, as Rttatttr). 

Kerguelcn 1.; 137 fathoms. 
Hymtnasttr perspieuut Lud. 

400 to 4S0 meters. 
Porania aniarclica Smith. 

Kei^elen 1.; South Georgia; M^ellan Strait; Antarctic Ocean, S. lat. 
71* 18*, 450 meters ; Fuegian, 10 to 1,600 fathoms. Includes P. ma- 
geUtttnica Studer and P. palegotuca Perrier. 
P. glabtr Sladen. 

30 to 137 fathoms. 
Odontatter crtmtiu Lud wig. 

Mimatttr eognatut Sladen. 

345 to 1335 fathoms ; 450 meters, S. lat 70* 33', Ludwig. 
Pitudarckaster patagoniciu (Per.. 1891. p. K, 125. pL xiii, figs. 3a, 3b, as 
Attrogonmm) . 

383 meters. 
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Hippastiria hyadtH Per. 

3a6 meters. 
Ceramasttr patagoniciu (Sladen). 

55 to 345 fathoms. 
C. atulro'gramtiarit (Per., 1891, &s Pentagonasttr) . 

340 meters. 
Ltptychasitr kerguelmtnsis Smith. 

Kergnelen and Marion Islands; 10 to lOO fathoms. 
L. amtarclkut SladetL 

310 fathoms. 
Ptilaster Aeuriaisi (Per., iSgi, as Gonioptettn) . 

igS to a83 meters. 
Chnrasttr gtrlachti Lud. 

450 to sfioveters. 
PoHtatter plaiuia Sladea 

245 fathoms. 
Cttnodiseiu atumtfif Lntk. 

55 to 6a} fathoms. 
C. procurator Sladen. 
40 to 1335 fathoms. 
All the species (thirty-four) iocluded in this list are generically 
allied to northera or arctic species. In many cases the resemblance is 
very close specifically. This is so especially in the cases of some 
species of Henricia, Solaster, Pteraster, Diphpteraster, Porania, 
Hippasteria, Ceramaster, and Ctenodiscus. 

These facts clearly indicate that extensive migrations of the ances- 
tors of these species have occurred, in the colder deep waters, in one 
or both directions, at no very remote gecJogic periods. 

It a[^ars, with our present knowledge of oceanic currents and 
temperatures, that the greater part of the migration would have been 
from the Arctic Ocean southward to the Antarctic. But no barriers 
exist, at the depths that these species inhabit, to prevent a northward 
migration, for abyssal species are not included in the list The shal- 
low-water and littoral spedes, on the other hand, show no evidence 
of such comparatively recent migrations, for much the larger part 
are peculiar to this r^on and the adjacent Antarctic seas and islands, 
with a few additions from the Indo-Padfic region. 

Scarcely any of the strictly shallow-water species seem to have 
been able to cross the tn^ical regions, on either side of America, 
unless in remote geologic time. 

Those that can descend to the depths where very cold water exists, 
even in tropical seas, have been able to migrate from pdar seas across 
the tropics, probably in both directions, tio doubt with extreme slow- 
ness, and yet with but little change in ^pearance or structure. Such 
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migratioos have probaUy been goings on during vast gcok^c periods 
and, no doubt, are still in prc^ess. 

Many of the existing genen of starfishes are doubtless of great 
antiquity, geolt^cally q>ealdng, and show wonderful persistence in 
many of the details of structure and habit. 

X. USTS OP EXTRAUMITAL SPECIES PARTIALLY DESCRIBED, 

REVISED. OR FIGURED. 

Many other extralimital species, merely included in the fannal 

lists, or only mentioned by name under their genera, are not included 

in these lists. 

I. NOltTH ATLANTIC AND ASCTIC SPBCIBS. 
Ast*rias vutgarit Ver. 

New England. 
Attgrioi forbeti Desor. 

New England, etc. 
A. actrvttia boTealU = A. fotaris. 

Arctic and North Atlutik. 
Ortkasttriat toMwrn Ver. 

Off Eaat coatt United States. PL XLTm, fig. & 
O. stAoHgHlOM Ver. (nom. nov.) =i4. attgulota Per., preoccupied. 

West Indies. 
Styittsttriat negltela (Per. lum Bell). 
ComtMMtfrlw ttnuupina (Lam.) Ver. 

Europe ; Bermuda. 
MonhaslerUu gladalU (Afull.) Jul. 

Europe, etc. 
ScUratltrias gutmn Per, 

East Atlantic 
L*ptasteriat littoralit (Slimp.) Ver. 

New England. 
L. eompto (Stimp.) Ver. 

Hew England. 
L. ttntra (Stimp.) Ver. 

New England. 
Cttnasttriat Mpitabtrfntu (D. and Kor.). 

Arctic. 
Umt*riat liiKkii (M. and Tr.) Ver. 

Nova Scotia ; Arctic Ocean ; post-glacial fooil at Salem, Hasi. PI lxx, 
fig*. 1-4- 
U. pimopla (Stuxb.) Ver. 

Arctic 
Stkhattntla rotta (MnIL) Ver. 

Europe. 
CoroMOSter briar*iu Ver. 

West Atlantic 
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Hfitrida tttnpmoltnUi miliaru Vcr. 

New England 
H. wMlarum (Per.). 

West Indies. 
H. uxradiala (Per.) Ver. 

West Indies. 
Crottatter kortnii Ver. (nom. nov.). 

Arctic and North Atlaotta 
Ailtrina gStbota (Peim.) Gray. 

Europe. 
A.pygmttayti. = Porama. (Yoang). 

New England. 
Atttrimdtt folium (Lutk.) Ver. 

West Indies; Bennnda. 
EuoflofaSria morginata (Hiip£) Ver. 

West Indies ; Brazil ; West Africa, etc. 
Trtmtuttr mirabUij Ver. 

Hewfonndland Banks, etc 
Hippasttria pkrygiana (PareL) Ag. 

New England; Europe; Arctic Ocean. PL XLvn, ^. i; pL xltiii. figs. 
i-S ; pL xLix, fig. 6. 
Mtdiosttr bairdii Ver. 

West Atlantic. PL o, fig. a ; pL m, fig. 9 (t^pe). 
Blakiatier conkus Per. 

West Indies. 
Luidio elatkrata (Saj). 

Southern coast United States; Bemmda; West Indies, etc PL cm, fig. i. 

2. PATAGONIAN, FUEGIAN, ANTARCTIC, AND SOUTH ATLANTIC SPECIES. 
Labidiatttr radiot»s Lndc 
PtdietUasltr antarcticus Lad. 
Sporattfrias mgupma (Sthnp.) Per. 
S. oHtarctka (Lutk.) Per. 
5. ptrritri (Smith). 
S.TMpkobi (Ver.). 
Anatttrias mmula Per. 

A.tytoittria (Ver.), nom.Dov. = <4.^«rnm' Std. (hon Per.). 
A. btlpca Ladwig. 
A, ahidtri (Perrier). 
A. ttnera Kodiler. 
A. vtrriUH (BeU). 

Padasltriat (gen. nov.) ekkopkora (Lod.) Ver. 
Calvatttrias atttrinoidts Per. 
C. if) ttolidota Sladen. 
Utyenatttr ttlatittosiu (Meren) Ver. 
Sn^kuttritu Mcalpriftra Sladen. 

Cosmattmtu Imrida (Phil.) Lad. Includes C tuUifera, etc 
C. totmdata Sladen. 
C. polygrammiu (Sladen, as Stichasttr). 
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C. broKdH (Bea U AtUrin) V«r. 

C, ftntaitdtnMt (MdM^ u Poljatttrnt) Ver. 

Coflrart <r thtdtri Koehler. 

Aitbuttriat (gen. nor.) ^a^iUoM (Kirider, 1905, U /4.f(«rw). 

PoiaittTim IStktm Per. 

P. MMrMiMwfu (Perrier, u <4j(«nu). 

P. tfimoM (Poricr, u Di/iuterw). 

P. >//iiw)i( Per. 

CrjptaiUriat (gen. nor.) Mrgiwtf (Kkxbler, u jM(Hh> Ver. Antmrctk. 

Granaittr HMfrw (Stnder) Per. S. Georgia. 

H t m ia tttriat bumstwf (Kodiler, u CnaMxter) Antarctic. 

SticAMKr jtrioftu (M. and Tr.) = Atttritu aumUiiua Meyen (mm Limti). 

Pern and Oiilg. 
HtUatttr kttimtkiu (Lam.) D. and H. Eaador to Chile. 
Hinrida obtta (Sbden). 
H. pagtiuttelmi (Stnder). 
H. kyadai (Per.) dark. 
CfOraUtr ito^m Per. 
Echimatttr tuUomohuu Ridiler. 
£. iRhofio) ttpidnt (Ktdder). 
Poramiopnt eckmarttr Per. 
P. mira (Kohler, as LMttia). 

AcaMkatUr tolarit (Schr.) D. and Hupi. Panamic, etc. 
Patina ckikurit (Lade.) Ver. 
P. tvi (Per.) Ver. 
PatiritUa caUatata (Per.) Ver. 
P. ptuilla (Per.) Ver. 
/>. iSmbriata (Per.) Ver. 
P. bitpmata (Per.) Ver. 
Atitrinidti ptrritri (Koeblcr, at Asttritu) Ver. 
Dttmopatiria iUxiUt Ver. 
Poramia tMtaretka Smith. 
Goittria faUlamtiea Graj. 
<;. pap^Uua Per. 
Ltbmnatttr paxiiiotus Per. 

CycfAraiwrtwcoAi (PfaiL). Indndei C. mn^I/jt Bell ; C. </«clUif Sladen, etc. 
C. JoMUfi' Koehler. 
Ptribolatttr foUeMlata Stadea 
SolatUr austraUt (Per.) 
LopkatUr sttiUmt Sladen. 
Aftiufw fibfrfT Sladen. 
R. vtmtcont Sladea 
OdimtaiUr groyi (Bell). 

O. ^mciUahw (PhiL). Indndei O. ^ifatJahu Sladen. 
Atttrodon tmptlaris (M. and Tr.). Indudet O. graiu^oiut Per. 
Ltptychasttr kergmtltnntnt Smith. 
Lmidia magtUamco LdpoldL 
AttroPtettmidet (gen. nor.) mtMtMtm (Sladen). Sontb Atlantic. 
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3. SPECIES FBOM THE FANAHIC FAUNA. 
Cotcmasteriat altsandri (Lndwig, u StoUuttrias) . 
StyUuttrias rabiuta (Lndwig, u Stolatttrias). 
AeoMthaster tUitii (Gr^). 
Uitkrodia bradl€yi V«r. PL cnn, fig. i (tjrpe). 
Bnoplopatiria tidtrta Ver. PL ax, fig. 4. 
EchuKuttr tmmtpimu Ver. PL cm, fig. a, type. 
Asttrimdts modttta Ver. 
CaUoPatiria obhua (Gnj) Ver. 
An^liiatttr iiuignU Ver. PL cnn, fig. i (.iypt). 
AtWoptclt* arrtUdii Gny. 
A. antuaut Gray. 

4. INDO-PAaFIC, AUSTKALIAN, AND JAPANESE SPECIES. 
LabidattrtUa (gen. nov.) ammilMi (SUden, u Labidiatter) . 

Australuian; o£F Heard Ubnd uid Kergnelen Island, in 75-150 fathoms. 
Htttrasttriat (gen. nov.) volseliota (SUden, as Atttriat). 

Japan. 
CosdnatUriat acutispina (Stin^.). 

Japan. 
C. mtmcato Ver. 

New Zealand. 
AUotHchatiir (gen. nov.) pclyplax (M. and Tr.) Ver. 

Anstralasian. 
Dittolasteriat stiehantha (Sladen) Ver. 

Japan. 
AUatttrUu foHiadota Ver. 

J^ian. PL Lxxxm, figs. 3-3^; pL lxxxiv, fig. i. 
A. vfrncohr (Sladen) Ver. 

Jwan. 
A, omurtniis (Lutk.) Ver. 

Siberia. 
A. migrata (Sladen, 187^ as AtttracantkioH nAtns var.). 

Straits of Korea. 
Calatttriat tmstnHi Ver. 

New Zealand. 
Acanthatttr pUmd (Linni)=j4. tchmUtt of authors. 

Indo-Padfic. 
Htnricidtt (gen. nor.) htttractis (Clark, as Henricia). 

Lord Howe L ; Australasian. 
Htnrieio denntpma (9aden, 1878). 

Straits of Corea; 40 fathoms. 
H. fi^tmiea Ver. 

Japan. 
Poltrta eoeemta Qra^. 

Indo-Fadfic 
AtUrinoPsu ptmcillaiis (Lam.) Ver. 

Indo-Fadfic; Australasian. 
PatirUUa rtgutorit Ver. 

New Zealand. 
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XL UST OF MEW GENERA ESTABUSHED AND DESCSIBED. 



LMdotlrtUa. Type LabUiatttr mmiiata SUdcn. 
AftcfudK* 

Evatttrku. Type, £. trotektlU (Stimpson). 

Ortkatteriat. Type, O. cotmmbiana VenilL 

Stylatttriat. Type, O. forrtri (de Loriol). 

HtttrMttriat. Type, H. voUeUaia (Sladeo). 

SUnatUrioi. Type, 5". macropora Ver. 

Ctenatttrias. Type, C spittbtrgrmij (DanieUsen and Koreo). 

Totiarter. Type, 7". orciinw Ver. 

Alhstkhatter. Type, /I. folyflax (MuUer and Troachel). 

Pmdvttriot. Typ^ P. ekiropkora (Lodwig). 

Adtlaileria*. Tne, A. papHlota (Kczhler). 

Cryfttuteriai. T>pe, C. lur^ivfi (KoUer). 

Paroiltriat. Type, P. (i»*rt*»uM Verrill. 

SHchailrflla. Type, 5'. roira (Mnller). 

HtmiasttrioM. Type, H. fritmatiu (Kohler, as Graiuuttr). 
EchiouteridK : 

HtttrkitUf. Type. H. ktttrattu (Clark). 
Astropcctmidtt : 

Attropeetmdtt. Type, i4. MMMrNhu (Shden). 

BIBLIOGRAPHY OF STARFISHES OF NORTHWEST 
COAST, AND OTHER WORKS REFERRED TO. 

As a rale, general works and text-books are not inchided in this 
list, tmless specially referred to in the text 
AoASSiz, Alxxahdik and Mrs. E. C. Sc* Side Studies in Natnrai History, 

Bottoo, 1865. 
AcAssiz, AixxAMDn. North American Starfitbci. Memoin Mnienm Com- 

paradve Zoology, Harrard College, toL v, no. i, 4', 136 pp., ao pli^ Cam- 
bridge, UaM., ifl77> 
Agasbix, L. Prodrome d'ttne Mooographie des Radiares oa Echinodemtet. 

yitm. Soc ScL Nat Neuchatel, vol. i, pp. 168-190, 1835. 
Baku, C F. Some Echinodenns Collected at Lagnna. First Annual Rqiort 

of Lagnna iMarine Laboratory, California. No. 5. 
Bathh, F. a. What is an Echinoderm? J. Lond. CoU. Soc.. y<A. vm, pp. 

33, 33, text cnta, igoi. 
A dilcassiofi of die theories of the primitive erolntioo of the diffenat 

clataei. 
Biu, F. Jimxr. Note on AbncMmal (Ouadriradiate) Specimen of AmUf- 

pnnutit formottu, Linn. Soc. Joum. (Zool.), vol xv, pp. ia6-i3g, pL v, 

188a 
. • Contributiont to the Systematic Arrangement of the Asteroidea; 

part I, The Species of the Genus Atttrias. Proc ZooL Soc Loodoi^ 

pp. 493-515, pis. XLTH, XLtm, 1881a. 
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. Accotmt of the Zoological Colkctioiu Made Daring the Snmr 

of H. U. S. "Alert" in the Straits of Magellan and oo the Coatt of 
Patagonia. Echinodenaata. Froc ZooL Soc. Laodon, t88i, pp. 87-101, 
pb. vni, tx, i88ib. 

. Description* of new or rare Spedca of Asteroidea in CoU. Brit 

Mnscuni. Proc ZooL Soc London, pp. 131-124, pl- n> i88z. 

. On the Generic Name of Atteriat tanKitinoUnla, O. F. Mtiller. Ann. 

and Mag. Nat Hist, ser. 6, voL vi, pp. 473-^3, 189a 

. Catalogue of the British Ecbinodenns in the Britiih Museum. Lon- 
don, pp. 303, 16 pis., 1893. 
'■ ■ On OdonUuttr and the Allied or Synonymous Genera of Asteroid 
Echittodenns. Proc ZooL Soc, pp. 35$^a63, London, 189^ 

. Echinoderma. Report on the Collections of Natural History made 

in the Antarctic Regions during the Voyage of the Sootbem Cross. Lon- 
don, 1903, pp. ai4-«30, pis. zxvi-xxvm. 

BaAiniT, J. F. Prodromus descriptionis animalium ab H. Mertensio in orbit 
terranun drcumnavigatiMie observatorum, Fasc I, 4*, 73 pp., St Peters- 
burg, 183s- tn Recneil des Actes Acad. Imp. St Peteraburg, p. igg, 1834. 

. Bemerkongai fiber die Atteriden und Echioiden des Ochotskischen, 

Kamtschatldschen und Behringscben Meeres. In A. Th. y. Middendorff, 
Reise in den anssersten Norden nnd Osten Sibiriens, Bd. II, Teil I : Wir- 
bellose Thtere, pp. 37-34, St Petersburg, 1851. 

BosR, KATBmHx J. Catalogue of Mollusca and Bdunodeimata Dredged 
on the Coast of Labrador \rf the Expedition under the Direction of Mr. 
W. A. Steams, in 1883. In Proc U. S. Nat Mus. voL n (1883), ppt 336- 
3^ (Ecfainodermata, pp^ 245-34?), 9 pis., Washington, 1884. 

C1.AMC, HuBEKT Lym AM. Echinodernis from Puget Sound. Proc Boston Soc 
Nat Hist, vol. xxix, no. 15, pp. 333-3??. 4 pis., 1901. 

. Papers from the Hopkins Stanford Galapagos Expedition, 1898-99, 

ToL xn, Echiuodermata. In Proc Washington Acad. Sd., rtd. it, pp. 
531-531, 1903. 

. The Echinoderms of the Woods HoU Region. Bull. U. S. ^h 

Comm., ToL xxu, pp. 547-5^ pis. i-xtt, 1904- 

. SUrfishes of die Genus HeHasitr. Mus. Comp. Zool. Bull, toL u, 

pp. 37-76, pis. i-nn, 1907. 

On pL VI, 6g. 3, Atlirias (Puasttr') ochneta is figured with inter- 
radial partitions exposed. 

. Scientific Results of the Trawling Expedition of the Thetis. Mem. 

Austral. Mas., vol it, part 2, 19091 

. The Echinoderms of Peru. Bull. Mus. Comp. Zool., toI. in, 00, 17, 

pp. 331-358, pis. i-xiT, 1910. 

CuiMOT, L. Contribution a I'Etude Anatomique des Ast^d^. In Arch. 
ZooL Exper. et G&^. (a), vol. t, bis, 3. Mim., 144 pp., 9 pis., 1888. 

Caocxn and Monks. See Ritter, W. E., igoz. 

Dahulssin, D. C, and Kobxn J. Era den norake NordhavsexpeditioD, t 
In Nyt Magaiin for Naturvidenskabeme, Bd. xxm, 39 pp., s pis., Chris- 
tiania, i8?6. 

. The same, vol. xxti, pp. i77-i94< 3 ^s., i88d. iAtteriat spitM' 

btrgtntit, etc) 
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. The tame, vol xxvn, pp. afi^-agft 4 pl>., 18S3. 

- The uuiM^ voL xxnn, pp. t-io, 3 pis., 18^ 

. Astermdea. Nonvegiaii Nortfa Athntic ExpeditioD, 1876-78. 

ZoSiogr, 4*, 118 pp., 15 fit., nu^ 1S84. 
DtSOi^ EnooAxa Zoological Inrestigitioiu among the Shoab of NaotudteL 

In Proc. Boston Soc Nat HJtt, voL m, for 1S48-51. pp. ". i7. 65-^ Cam- 
bridge, 1851. 
Records ^g-cairying babhs of Hmricia. 
DSiouiif, Linwic. Knigc Beobaditnngen an arktisdien Seestemen. In 

ZooL Anzdger, Bd. xxn, pp. 337-339. tS» 
. Die Echinodennen der Otga-Expcdition. Wist. Ueeresmitersudu 

(N. F.) IV. Abteilung, Helgoland, Heft 3, pp. ig7-a34i pls. n-x, 1900. 

Excdlent plates of arctic Asteriidx, from photographs. 
DOVN, M. W., and Knxn, J. Oefrersigt af Skandinaricns Echinodenner. 

In Kon^ Vetensk. Alcad. Handlisgar for 1844, pp. aag-saB, pli. n-xi, 

Stockhohn, 1846. 
DujAXDiM KT Hort. Historic nat dcs Zoophytes, Echtnodermes, in Suites i 

BnSoo. (Largely a translation of Miiller and TroKhel, Syst Aster.) 1863. 
DuMCAK, P. BlAimr, and SuuKf, W. Pdcy. Report on the Echinodermats 

Collected during the Arctic Expedition, i^S'76- In Ann. Mag. Nat 

Hist. (4), ToL XX, pp. 44P-470, l8?7. 
. Echinoderanta. In G. S. Nares, Narrative of a Voyage to the 

Polar Sea dnring 1875-76, vol n, pp. 36o-a8a, London, 1878. 
— — ■ ■ A MenuHT on the Echinodermata of the Arctic Sea to the West of 

Greenland, 8a op., 6 pis., Loodoo, 1881. 
I/Ubait, W. S. M. The Zoology of Barents Sea. In Ann. Mag. Nat Hist 

(5), vol n, pp. 253-377, London, i88a 
Fabbicius, Otho. Fauna Groenlandioi, S°, 452 pp., Hafnijc et Lipsiie, 178a 
Fbwkbs, J. Walixk. On the Development of the Calcareons Plates of 

Asterias. BulL Mus. Comp. Zo^ voL xm, pp. 1-56, pis. i-v, Jan., 18880. 
. On the Serial RdationaUp of the Ambolaoal and Adambtdacral 

Calcareous Plates of the Starfishes. Proc Boston Soc Nat Hist, mt. 

xxiT, pp. 96-115, text cuts, t888&. 
Contains an acconnt of the Devdtqnnent of Atttrina gibbosa. 
■ An Aid to a Collector of the Odentcrata and Echinodermata of New 

En^and. In BuIL Essex Inst, voL xxm, 92 pp., with figures, Salem, Mass., 

1891. 
FtscHB, F. Echinodermen von Jan Mayen. In Die Intemationsle Folarfor- 

•diung, 18^-83; Die osterreichisdie Polarstation, Jan Mayen, Bd. m, 

4', 10 pp., Wien, 188& 
FlSHB, Wunx K. New Starfishes from Deep Water off California and 

Alaska. BulL Bureau Fisheries for 1904, vol iv, Jone I0| pp. 391-330, 1905. 
' Two New Starfishes from Monterey Bay, California. Zoologischer 

Anieiger, vol xxx, no. 10) June Ift pp. 339-303, 19060. 
, Note on Ertmkatttr, a Genus of Starfishes. Zoologischer Anzeiger, 

y<A. xxxn, no, i, July 33, pp. 13-14. roo?- 

■ . Necessary Changes in the Nomenclature of Starfishes. Smithsonian 

MiscelL Collections, vol. tn, pp. 87-93, i9oSii. 
. Some Necessary Changes in the Generic Names of Starfishes. 

Zoologischer Antciger, voL xxxin, no. 11, August 18; pp. 356-359. igoBft. 
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. New Pteruteridc from the North Pacific. Ann. and Mag. Nat, 

HiaL, KT. 8, ToL t, Febntair, pp. 167-170, 1910a. 
. New Genera of Starfishei. Ann. and Uag. Nat Hiat, ler. 8, voL 

T, February, pp. 171-173. 1910b. 
. New Starfishes from the North Pacific; I, Phanerozonia. Zoolo- 

gischer Amdger, vol xxxv, March ag, pp. 546-553, tQioe. 
. New Starfishes from the North Pacific; II, Sptnulosa. Zoologischcr 

Anzeiger, vol. xxxv, March 39, pp. 5fi8-574, igiod. 
. The Genus Blaldaster. Bull. Mus. Comp. ZooL, voL uv, no. 4, PP. 

161-165, pis. I, u, igiia. Discusses also Leptychatttr and Bunodasttr. 
• . Asteroidea of the North Pacific and adjacent waters. Bull. U. S. 

Nat Una. No. 76, Part L Phanerozonia and Spintilosa. 4'. 419 PP., t3a pU., 

Washington, 191 il>. 
Fomcs, Edwabol On the Acteriadx of the Irish Sea. Memoirs of the Wer- 

nerian Socie^, Edinbutgh, vol. vm, part i, pp. 114-139. 2 pis., 1839^ 
. A History of British Starfishes and other Animals of the Class 

Echinodennata, 8*, a6g pp., Londtm, 1841. Published in six monthly 

numbers, the first of each month, from October, 1841^ to March, 1841 

(teste B^ op. cit, 1890, p. 493). 1840-41. 
' Notes on Animals of the Gass Echinodermata. In Peter C Suth- 

erland'* Jouinat of a Vc^age in Baffin Bay and Barrow Straits in the 

Years 1850-51, voL n, 8', Appendix, pp. ccxiT-ccxri, London, 1852. 
Ganono, W. F. The Edunodermata of Hew Brunswidc, BuH. no. 7, Nat 

Hist Soc New Brunnrick, pp. 1-57, t pi., St Johns, i88a 
Gkay, John Edwakd. A Synopsis of the Genera and Spedes of the Gass 

Hypostoma iAittrias Liniueus). Ann. Mag. Nat Hist., vol. vi, London, 

1841 (pp. 175-184, November, 1840a; pp. 375-990, December, 1840&). 

. Ann. Mag. Nat Hist:, vol Xi, l8«to. 

■ Descriptions of Some New Genen and Species of Asteriada, Proc. 

ZooL Soc London for 1847, pp. 72-83. 1847b. 
- — ■- . Description of PiaUuftrias, a New Genus of Astr<^>ectinids, from 

Mexico. Proc. ZooL Soc London, February, 1871, p. 136, pL ix, ifi^i. 
GsiGnr, J. W. The Stelleroidea. A treatise on ZoSkigy, edited by R Ray 

Lankester, part 3, fp. 337-359, 190a 
G»aa, jAifts A. Undersogelser over dyrelivet i de vestlandske Fjorde; II, 

Echinodenner, Annelider, etc, fra Moster. Bergens Museums Aars- 

beretning, 1S88, 11 pp, 1 pL, Bergen, 18S9. 
. Om Ediiaodermfannaen i de vestlandske Fjorde. Bergens Museums 

Aarbog, 1^-95, oa is, 13 pp., Bergen, 1896. 
— . --. Skraboinger i Vaagsfjorden og XJIvcsund ytre Nordfjord. Bergens 

Museums Aarbog, 1897, no. i6t 37 pis., Bergen, i8g8. 
— ^— ^ Orcrsqt over det nordL Norges Eclunodermer. In Bergens Mus. 

Aarbog, for 1903, pp. 1-38; pi. i, igos. 
. Ecfainodermen von dem norwegischen Fishcreidampfer Michad Sars 

in den Jahren 1900-1903 gesammdt; III, Asteroidea. Beigens Museums 

Aartxw, igos, no. 13, 87 pp., a pis., 1906. 
. Echinodermata. Report of the Second Norwegian Arctic Expedition 

in the Fram, i8gB-i903, no. 13. 26 pp., 3 pla., 1907. 
Gbdr, Ad. Edouaid. Beschreibungen neuer oder weniger bekannter Seesteme 

nnd SeeigeL Nova Acta Ac Caes. Leop. CaroL Nat Cor., voL xxvn, 50 

pp., 3 pis-. »857- 



>y Google 



37^ VBBBILL 

——. Diagnoien einiger neuen EddDodermen. ArdiiT f. NftturgeaclL, pp. 

340-344. i8S7>. 
' Ueber dnige Seettcnie des Breakner MiHMtnn. 43. Jahreiber. d. 

achlesisdKn G«a. f. vrnterUndliche Cultnr, p. sa, 1865. 
- — ■ Etnige neue Secsterne do hietigen Zoologischcn Haietunt. 4^ 

Jahreiber. d. KhleMSchen G«s. 1 vaterludiiche Cultur, p. sft 1S66. 
Hamann, Ono. Echiaodennen. Bronn'i Kl£Si«a and Ordnungen dea Tier- 

reiclu. Heft a, Abth. 3, pp. 657-71!). iSgg. 
Haktdg, Makcus H. Tbe True Nature of the "Hadrcporic System' of 

Edunoderntata, vrith Remarks on Nqihridia. Ann. and Uag. Nat HiiL, 

vex. 5, voL XX, pp. 331-336, November, i8£&. 
HlurATB, W. B. On the PedJcellarue of tbe Ediinodermata. Quarterly 

Jonm. Microi. Sd., voL t, p. 175, 1866. 
Hxucuif, H. Th. TDK. Reiien n«d> dem Nordpolanneer in den Jaren lE^ 

and lE^i, 3. Tdl, 8°, Bramudiwdg, 1874. 
Hoffmann, C K. Die Edunodermcn, gesammdt wabrend der Fabrtea dea 

Willem Barents in den Jahren 1878 und 1879. Niederland. Archiv f. 

ZooL, SuppL, Bd. I, 30 pp., I pL, 1883. 
Ins, J. E. On Two New Spede* of Starfishes. Proc Acad Nat Sd. 

Philadelphia, p. 431, 18B8. 
The spedes are FltrasW tftstlaHu and CoronaUrr bitpmotiu. 
. Variations in Ofkam famamtiuU and Opkimra Urn. Of. dt, pi 76, 

1889a. 
O. pOMomtntu, dark varied, from San Diego. 
. On a New Genus and Two New Spedes of Ophiurans; op. dt, 

p. 143, 18896. 
Ophionciu gratmlosiu and Ophiogtytka lockmgtom; localities uncertain. 
. Catalogue of the Asteroidea and Ophiuroidea in the Collection of 

the Academy of Natural Sdences of Philaddphia; Proc. Acad. Nat Set 

Philaddphia, for 1889, p. 169 (distribution), 1889c. 
. Echinoderms and Arthropods from Japan. Proc Acad. Nat Set 

Philaddphia, for iSgi, pp. aio-233, pis. vn-xa, 1891a. 
. Echinoderms and Crustaceans Collected by the West Greenland 

Expedition of 1891. Proc. Acad. Nat Sd. Philaddi^ia, for 1891, pp. 479- 

481, 18916. 
—. List of the Echinoderms and Crustacea in the Catnnet of Frederick 
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— «" ^»" ». SdehiMer ^c^ 360. 6rm^^ i>uwt«r r?. 

aaMnlis, Coluieiiu 373, breriipiiMi, Finsto' ST. 77. QL 3A 
wWriT ii , C tMndncB * 33^ 36^ 344 345 i pl*. 41. 44 45. ^A ^ 

MMrjtIi, KnMcr tntknii. new nrietj brivcM, Coransttr 4)^ 370. 

85. •«. 34S- fariarau. Tbroae 10. 

MttnUi, SdMlcr jCi^ 31% 372. fciringidae li 24. afi* 374. 

r ^». Brisa«BK a6L 

r Jlig. BroodinK of tile yoHc 39. 
r 3iCv j»l. 

.. . ^~ - .^ _= Bi«odMttrritteri3i6,a»».3tt3*8; 

bairdii, Uofiastcr agft jpi ; ph. 4 3. rm tpa fitt, Padridb 361, 365, 3731 

bdpcae, AnAcriu 51, JSS 37i- OJifornini bma 337, 343. 

b^ AMero^ 367. caHf ofiricm. Orthuteriu, ae* qteds 

hl^f^iiS ^ 44 64, .74, 185. 344. 39.; ph. 6B, 

Bathopectnwte 383. ai«^ 7<^ «* «• 

SMtto^fCfNwdtf 311. 

c 383. 3i(^ »"- 

■ 338; 347. 



caKfontkn, A Hfo pe d cB aif. 3301 

345. 346; pb. 50k 100, tot. tax. 
csHfonncat, RatUmmtcr 197. 



CaDopatim bdbla 363. 
CaOopatim ofattua 373. 



KbGognpfaj 374-3S& 

bifatcialu, Phataria {Lmtlaa) mm- . ^ . „ 

biordinata, Orthafteriai, new ipeciM 
48^ 64. 173, 341 ; ri*- Co. &>. 



0*f»teria» 42, 353. M7. 
CalvaMerias aaterinoidca 357, 371. 



bMerialo, Pefibolaster 366. CahMteria* Mtdidota 42. 354. «7. 
bucriali*. Phataru 34& ^'- 

biuriahu, Gnmttr ^^ ^ sp. camltckotiai. AOtritt iia, It4. Hl^ 
UMTiatna, Hemiaatem*, new gam* ^- ^ '35- 



343,373: 

UApinon. Patiridla 364. 373: candkaiM, CoKmasterus 367. 

Bbkiaiter 32a, 714. eaitdkatu, Stolattericu 367. 

Blakiatter co nicm 333, 371. Caonibalisni among itarfishcs 4. 

borntit. Atltrw 107, 113. capenm, Pterarter 278. 

borcatts, Asteriaa accrrata 107, iil capitata, Aittriat 81. 

37a capitatiw, I^aaster 19, 57. Si. 344, 345; 

borealia, Henrida 235. 336^ 239. pb. 36, 56. 

borealu, Henrida tmnida, new sab- cariodh, Leptaflerias epidilwa. new 

■pedes aaft, 339, 342, 347; pb. wriety 6r, 137, 341. 

12. 86, 88. carribms, Pleraster 27& 

brachiata, Aittrias 152, 156. Ceramaster 189. 
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Ctramaattr arcticmt ago. 
Ceramaster anatro-grumluU 369. 
Cennuiter gramiUris 390, 393, 339, 

343;pl«.4.5o. 
Cemnaster japonkns ags. 
Ceramaster Icptoceramns 390. 
Cemnaster patagonicas t^t, 339^ 343, 

347. 349.368. 
Cluetastcriite 083. 
CheiraateT Kerladid 369. 
Chtirattenda 311. 
chelifcra, Distolasterias, new spcdet 

66, 185, 343;pt>. Si, iio. 
chilensis, Patiria 348; 364. 373. 
dnropbora, Anasterias 51, 355. 
chiropbora, Pxilaaterias, new genu 

Z5S. 371- 
Chitonasteruue 383. 
Cladaster 300. 
darld, Henrida 313. 
dathrata, Loidia 7, 371 ; (^ 103. 
eioBotum, Asttraetmlhion 35& 
cocdnea, Patiria 363, 373. 
cocoaana, Sporasterias 350. 
coei, Lcptasterias, new spedes 36, 61, 

laa, 178, 340. 34B; pl». 9, 17. 
Ccdasterias 40. 
Ccriastertas anatralis 373. 
cognatus, Mimaster 368. 
Columbia, Lindda 309, 337, 349. 
cohunbiana, Orthastertas, new spe- 
des II, 48, S(^ 64, i6«. i^ 183, 

341, 344. 346. 348; pli- 24, 35, 65. 

78, 79, 100- 
coropacta, Leptaateriaa xqoalis, var. 

61, I3«, 34>> 344. 
compta, Lcptasterias 8, 131, 370. 
condnna, Lcptasterias xqaalis, new 

variety 61, 13a. 344. 
conferUi, Atttriat 73. 
Cfmfertiti, Pisaster 57. 73* tti?, 340; 

pi 38. 
conicns, Blakiaster 322, 371. 
conitetlatns, Solaster 257, 343, 348; 

pis. 46. 9a 91. 93. 94- 
comiailahu, Ctenoditau 331. 
Coronaster 30. 
Coronaster briarens 49, 370. 
CoicinMterias 33. 34. 36. 34 3A 43. 

44.45.46- 



.EX 39J 

Cosdnasterias acntiapina 38, 4^ 373- 
Cosdnasterias aJezandri 350^ 373. 
Cosdnasterias candiotns 367. 
Cosdnasterias echinata 4& 
Cosdnasterias genunifera 4*^ 
Cosdnasterias jehenoesii 4fi. 
Cosdnasterias mnricata 46. 49. 373- 
Cosdnasterias (Stolaatcrias) ten- 

nispina 46^ 49- 
Cosdnasterias tennispina 38. 43, 45. 

370. 
Cosmasterias 31 44. 48. 353. SfB- 
Cosmasterias 67. 
Cosmasterias alba 358. 
Cosmasterias brandti 3M 373. 
Cosmasterias f emandensis 360, 373. 
Cosmasterias Inrida 36, 48, 50, 3S8< 

37J- 
Cbsmastcrias polj^rammns 360, 371. 
Cosmasterias snldfera 4^^ 35^, ^fio, 

361, 371- 
Cosmasterias tomidata 48^ 50^ 3S9> 

371- 
crassa, Henrida leviuscnla 317. 
crassa, Parapatiria 363. 
crasBus, Odontaster 3041 345. 34^. 

349- 
cremens, Odontaster 368^ 
CribtUa 309. 
CribeOa hyadtri 363. 
CrSulia oeulala 336. 
CribtUa rosta 236. 
cfibraria, Asteriai 148. 
cribraria, Ctenasterias 53, 60, 148. 

338; PL35. 
cribraria, Leptatterias 8L 
Cribraster tladeni 363, 373. 
Cra>rtlla an. 
CribrtBa levmseula 315. 
Cribrella oculata 336. 
CribrtOa fectimua 330^ 
Cribrtlhi frattam 368. 
Cribrttta nngitinoUnla 233, a3& 
CribrtOa rimfU* 366. 
Cribrella spiaMftra aao. 
CribrcUx 139- 
cribrosus, Pteraster 378. 
eritpattu, Asteriat 33a 
crispatus, Ctenodiscos 33(\ 340^ 343, 

345. 347. 349; pis. 5. 49- 
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Crossutcr 13, 15, 358. 
CrojMUf <r 243. 
Crottatttr aSnis 361 - 
Croiaaiter korenii a6i. 371. 
Crostastcr pappo$us a«x >S9> 339. 

343; pis. 5.8,9,49. 
Cryptaiterus, new genui iia, 37a, 

374. 
Cryptasterias tnrqueti 363, 372- 
CryptOEOoia 34. 
Ctenatttr 263. 
CteBMlerias, new gouu 53. 55, 148, 

37+ 
Ctenaateriu cribnria 53, 6^ 148, 

338: pL 35. 
Ctenutcrias ■pitzbergenait, 53, 55, 

148, 37a 
Ctenodisciiue 383. 8*9- 
CtenodUciu, 315, 339, 38o> 
Ctenoditciis australis 333, 369. 
CtenodUtut comienlahu 331. 
Ctenodiicus crispatoi 330^ 340, 343. 

345.347,349; pl». 5.49. 
Ctenoditeiu krmuti 331. 
Cttnoditetu potorit 330. 
Ctenodiicus procurator 333. 
Ctenoduevi pygmmu 33a 
ctenophonis, Astropccten 331. 
CukitasSS. 

mnmMfhiMf, Asttriat 353- 
cunninglianii, Sporasterias 353. 
Cyeethra asterina 36& 
Cycttkra asteritema 366. 
Cyetthra eolna 36& 
Cyetthra electUit 366, 
Cyetthra etongata 366. 
Cycetkra gaturiodes 366. 
Cycethra lahilld 366, 371 
Cyetthra media 366. 
Cyerllira mitida 366. 
Cyetthra pingiiu lfi6. 
Cyetthra rtgularis 366. 
Cyetthra simples 366, 373. 
Cyetthra tubtltetilU 366. 
Cycethra verrucosa 366. 373. 
Cystidea, number of rays 15. 

danx, Pteraster 378. 
dauisoni, Aeontharehatter 313. 
datiiteni, Arehatttr 313. 



dawsoni arctica. Solaster, new >td»- 

spedes 353, as3. 347; pL 8?- 
dawsoni, Loidiaster 313, 339. 343. 349 ; 

PU. 33. 34. 35- 
dawsoni, 0^thasleria^ new species 48^ 

6s. 172, 175, 343; l4i. 33. 75. 80, 

81. 
dawsoni, Solaster 349. 339. 34^, 348; 

irfs. 46, 9a 91, 93. 
dtetmradiatiu, Ailtrvu 354. 
deermradiatus, Solatttr 354. 
densa, Evasterias troadidii, new 

varied 63, 161,341. 
denaispina, Henrida 333, 373. 
densns, Perknaster 364. 
Dermasterias 66. 
E>emiasterias imbricata 14, 80*> 343. 

345. 348; pis. 50. % 97- 
Dennasterias imbricata, var. Talmli- 

fera 305, 308. 343 1 pl- 39- 
Dermasterias inermis 306. 
Desmopatiria 363. 

Desmopatiria Aenlu 363, 364, 373. 
Development, 39. 
diomedeK, Hydrasterias 350. 
Diplaslerias 43, 44. wi. 3S8. 
DipUuttriai lovtni 361. 
Diplast trios lUtktm 361. 
Diplasleriat papiUosa ifia. 
Diplasttrias spinosa 361. 373. 
Diplatttrias sttinni 361. 
Diplatltrias turqutti 36a. 
diplax, Linekia yig. 
Diplopteraiter 303, 367, 373, 379. 
Diplopteraster multipes 379, 339; 
Diplopteraster percgrinator 368. 
Diplopteraster verrucosot 368. 
dtspar, Leptasterias, new spedes 63, 

115, 143.341; pL 16. 
Distolasterias 33. 47, 66, i8s> 35°- 
Distolasterias chelifera, new spedes, 

66. 185, 343; pis. 8t, iia 
Distolasterias stidiantha 44. 49. iBS* 

373. 
Distribution, gec^^aphical 18, 337- 
Dorsal ossides, form 34. 
Dorsal spines, form 34. 
dougUm. Aiierias \Oj, 113 114. 
dMa, Atltrias 97. 
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dyscrita, Henrida lerinKuU it*3, 34a, 



Echinaster 
Eehinasltr 
Edunaster 



loi, aoft. 
3og. 

antontoensis 363, 373. 
brasilicnsis 363. 
esckriehtii 336. 
lepidus 363. 
oculatiu 336. 
(Othilia) robnstus, new 
ao7. 

(Othilia) tenuiapinns 346. 
Poraniopsis 349, 363, 373. 
(Rhopia) lepidus 373. 
robtistus 343. 
mnguinolenta 216. 



Bchimuter 
Echituuter 
BckiniKltr 
Echinaiter 

Echinaster 
echinaster, 
Echinaster 
Echinaster 
Behinaiter 
Echituuter 
Echinasttr terobici^ta 337. 



Echinaster tmithii 368. 
Eehinatltr solans 364- 
Echinaster gpinosua aoj. 
Echinaster tennisfnnns 3o8, 346, 349, 

373 ; Pl- 107. 
EdiinaftcridK 304, aos- 
Echituuteriita 305, 343. 
echinata, Cosdnasterias 46. 
eehinitts, Acemthaster 364, 373- 
tchinophora, Asteriat ao7. 
echinus, AeanlMasler 364- 
Eggt and jmuig 7, 9, 11. 
tleetUis, Cyeethra 36& 
(JImh, Acmlkaster 364, 373. 
elongata, Cyeethra 366. 
tndeca, Asterias 344. 
endeca, Sidaster 11, 343, 344. 348, 349, 

339; pis. ft 87. 89. 
BHopiofatiria brasUietuU 363. 
Eaoplopatiria marginata 363, 365. 371- 
Enoplopatiria siderca 365, 373; pl. 

109. 
epichiora, Asterias 133, 156. 
epicUora, Asterias {Diplasterias) 153. 
epiclilore alaskensis, Leptasterias, new 

subipedes 13, 39, 61, iii, 136, 338, 

341 ; pis. 16, 38, 84. 
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epichiora alaskensis, var. carineUa, 

Leptasterias, new Tariety 61, tty, 

341 ; pL i& 
epichiora alaskensis, rar. uderea, 

Leptasterias, new variety 61, 137, 

341 ; pl. 16. 
epichiora, Leptasterias 8, 17, 36^ 60, 

62, no, 13a, 341, 348. 
epichiora miliaris, Leptasterias, new 

snbspedes 60, 61, 138, 341. 
^chlora i^ena, Leptasterias, new 

sahspedet 61, 140, 341. 
efrichlora pngetana, Leptasterias, new 

snbspedes 6t, 143, 341. 
epichiora, var. regnlaris, Leptasterias, 

new variety 63, 139, 341. 
cfrichlon, var. snbnodulosa, L^ta*- 

terias, new variety 6z, 73, 139, 

341. 
epichiora, var. snbregnlaris, Leptas- 
terias. new variety 63, 139, 341. 
equestris, Goniaster 386. 
equeitris, Hippasteria 286. 
crinacens, Astropecten 347- 
esckriehtii, Echinaster 336. 
eschrichtii, Henricia sis, 336, 339. 
eoslyla, Orthasterias 168. 
Evasterias, new genus 38, 33, 51, 54, 

63. '5*. 353. 374. 

Evasterias acanthostoma. new spedes 

II, 64, 76, 161, 165, 341, 348; pis. 

ao, 24. 
Evasterias troschelii 11, 36, 51, 54 63, 

151. 341. 344. 348; pis. 33, 35, 36, 

106. 
Evasterias troschelii, var. alveolata, 

new variety 63. tS7. i*3t 341 ; pl. 

63. 
Evasterias troschelii, var. densa, new 

variety 63, I«i, 341. 
Evasterias troschelii, var. parvisptna, 

new variety 63, 163. 341. 
Evasterias troschelii, var. rudis, new 

varie^63, 158,341. 
Evasterias troKfaelii, var. snbnodosa, 

new variety 63, i63> 34I- 
exqniseta, Pisaster lihkenii 345. 
exqtnseta, Asterias 83. 
Eye or eye-spot of starfishes 9. 
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faOdaitdka, Ganeria 365. 373- 

Faiuial rebtioiu and diMribation 18. 

fdipea, SlidiaMer 49. 

fernandfiuU, Cosmaiteriaa 360, 373. 

ftrnandensis, Polyatttriat 360, 371. 

fimbriata, Patiriena 364, 365. 373- 

Situpina, Atttriat j6. 

HiMipina, Pitatter j6. 

fiuupinui, Pisaater 34. 57p 7«> 344! pl- 

39- 
flaTCMcns, Hoaca aS?. 
ilturioisi, Comoptcttn 369. 
flcoriaiBi, Psilaater 369. 
flexilis, Deamopatiria 963. 3*54. 373. 
foliata, Lnidia 11, i34> 343. 345. 346; 

pis. 100, 103, 105. 
f oUcnlata. Pcribolaater 366, 373- 
folinm, Aaterinidea 363, 371- 
Food and feeding babiu 3, 16. 
forbesi, Arteriaa 3, 5, lo^ 17, 38, 1S8, 

370. 
Fordpubta 34* 41- 
fore^itlata, Atttrias (Urattiriat) 

iSo. 
fordpnUta, Orthasterias ti. 
fordpnlata, Orthaateriaa forreri 65, 

180, 343; pU. 63, 70.68- 
Fordpuloia, order a4> a6. 
forfictilota, Allaaterias, new ^edei 

67. '94. 373 ; Pl». 77. 83. 84. 
forreri. Atttriat 47. 179. 
fonrcri fordpulaU, Orthaiterias 65, 

iSo, 343; pL 6a, 70, 88. 
forreri, Ortbaaterias 19, 65. S79i 344. 

345 ;pU. 65, 66, 70,77.80. 
forreri, Orthasteriaa (.S^rlaateriu) 

343. 
forreri, Stjdaaterias 48, 50. 
Fouit starfishu 3, la, 13, 14. 30^ I97- 
frandscua, lindda an. 
fuhmm, Asttracattthion 358. 
foicna, Perimaater 364. 

galapagenais, Sporasterias 35a 
galvddes, Soiaater 348. 343, 348; pis. 

461*9. 89. 
Ganeria falklandica 3G5, 373. 



GaneruL hafmi 365. 

Ganeria papillosa 365, 37a. 

Ganeria robnata 365. 

GaneriidK 304. 

gaturiotUt, Cyeelhra 366. 

Gaatraater studeri >to, 37a. 

gs^fi, Patiria 364. 373. 

gtlatiiuta, Atttriat 357. 

gelatinosni, Meyenaster 54, 357, 371. 

gemmifera, Ojsdnaiterias 46. 

Genital pores 39. 

Geographical distribatioa iS, 3^-352. 

gerlachci, Cheiraster 360. 

gitdier, Retaster 366, 373. 

gibboaa, Aaterina a^, 363, 371. 

gigantea, Atttritu 8g, 97. 

giganteua, Pisaster 11, 57, 84, 87, 89, 

98, 344; pi. 37. 
glaber, Porania 368. 
gUdalia, Uarthaaterias 46^ 47, 4% 370. 
Glyphaater 316, 325, 337. 
(Hyphaster anomahis 316, 3>8, yv^ 

347; pis. I, 6. 
Gmathatttr 303. 
Gnathatttr groyi 367. 
Gnathatter pilmlatut 367. 
Gnathatterina 383, 302. 
Goniastcr 300. 
Gomatttr tqutatrit 306. 
Gomatter gratmlarit ago, 
GoniatteT nodosiu 386. 
Gottiatttr obttuattguhu a87. 
Gomatter retienlatut 386. 
Gooiaster tesseUtus 38& 
Goniasteridx a6i, 383, sSs. 386. 
Goniaateriiue 383, 389. 
Gonioditcides tAa aSS. 
Goniodiacus 388L 
Goniodiscua pentagonulus 387. 
Gomopecttn Hevriaisi 369. 
Gomopectinidx 383. 
gtmolena, Orthasterias, new spedea 

6S, 184, 344, 345, 349; pis. 67, 68; 

69, &. 
gracSis, Fteraster 371, 343, 348. 
gradlii. Stephanastcrias 146. 
Granaster 40^ 353, 363. 
GranatltT biteriatut 360, 363, 373. 
Granaater nutiix 373. 
grandis, Pisaster 13. 
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grmmlare, Astrogonmut aga 
gramtlaris, Aittriat ago. 
gramtlaris, Astrogoimtm 387. 
graniilaru, Ceranuster 290, ajU, 339, 

343; pis. 4. 50- 
grantiiaru, Gomasttr zgo. 
granmlaru, Penlagonosler ago. 
gramUorit, Totta {Cerantatttr') ago. 
granulifera, Anthenea a88> 
granulosus, Asterodon 367. 
gnnulonis, Odontaster 367, 373. 
grayi, Gnadiaster 367. 
grayi, Odontaster 367, 37a. 
grayi, Pisuter 58, 91, 97. 344. 
guernd, Sderasteriu 44< 50, 370. 
gnildingii, Lmckia 30;^ 3i<^ 337, 346. 
gunneri, Uruteriaa 53. 
GymniMieT^da 304- 

hahni, Ganeria 365- 
hebts, Pttrtuitr 270, 343 ; pL g6. 
kelianthoidts, Atttrias 19S. 
helianthoides, Pycnopodia 11, 35, 198, 

343, 344. 348; pis- 39, 30, 3^73, 

74.88. 
heliuithus, Heliaster 373. 
Hdiaster 12, 13, IS, 40. 
Heliaster helianthus 373. 
Heliasterina a6, 39, 4a 
Hemiastcrias, new genus 36a, 374. 
Hemiasterias Mseriatns 36^1 373. 
Henricia 8^ 17, 18. 144. 309. 
Henrida aleutica 313. 
Henrida antiQaTTun 3I(\ 370. 
Henrida arctica, new spedei 339* 33ft 

347; pLS^. 
Henrida aspen a4i> 33ft 34^, 34^. 

348. 
Henrida asthenactis 313- 
Henrida borealis 335, 336, 331). 
Henrida darid 313. 
Henrida densispina 333, 373. 
Htnricia tMchriektn 312, 33^ 339. 
Henricia htteractit 210, 373. 
Henrida hyadesi 363, 368, 37a. 
Henrida japonica 333, 373. 
Henrida lerituctila 14, 313, ais, 3^ 

343.344, 346; ^t- W, 13. 
Henrida levitucula, var. annecten* 

334. 344, 346. 



Henrida levinscula, var. attenuata 

217, a»8, 343, 344. 
Henrida leviuscula, var. crassa 317. 
Henrida leviuscnla, var. dyscrita 

aaj, 343. 344- 
Henrida leviuscula, nr. ineqnalia, 

new variety 319, 343; pt 8S. 
Henricia leviuscnla, var. levinscula 

317, 343. 
Henricia levinscula, var. lunula, new 

variety 313, 318, 342, 344; pL 88. 
Henrida leviuscula, var. multispina 

300, 333, 338^ 343. 

Henrida leiduscula, var. pectinata 

aaft»3o. 
Henrida levinscula, var. spatnlifera, 

334, 343, 344, 346; pL 5, 14. 
Henrida leviuscula ipicolifera 330. 

338, 343 ; pis. 87, 107. 
Henricia longis|riiia 342, 348. 
Henrida obesa 363. 373. 
Htnricia oaUata 336. 
Henrida pagenstedieri 363, 373. 
Henrida pectinata 313. 
Henrida polyacantba 3I3> 
Henricia pnestans 368L 
Henricia sanguinolenta 11, I4> 3i3, 

336. 338, 342; pla. 4ft 88. 
Henrida sanguinolenta miliaria, new 

■ubspedei 334, 37°; pl- 8^ 
Henricia sanguinolenta, var. pectinata 

32ft 330, 338; pL 4ft 
Henrida sanguinolenta, var. mdis, 

new variety 33a, 3#, 347; pL 86. 
Henricia sexradiata 371. 
Henricia simplex 368. 
Henricia spatnlifera 224. 
Htnrieia jfiiculifera aaa 
Henrida sttideri 363- 
Henrida tumida 314, 334, a3ft 34ft 

338, J47;pl»-i3,S9. 
Henricia tumida borealis, new sub- 

^>ede« 336, 33ft 34a, 347; pis. 13, 

86,88. 
Henriddes, new getnis 3 10, 373. 374- 
Henriddes heteractis 3iO, 373. 
htttractit, Htnrida aio, 373. 
Heterasterias, new genus 46, 373< 374- 
Heterasterias volsellaU 37, 47, 4ft 373. 
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htxaetu, AHtriat ia6. 

boBCtii, Lf^tasteriM 13, 61, 135, 136, 

34<h 344. 348; pL as. 
bcMCtig, Ptetuter J74. 
ktxaetis. Pttnuler iTrmMUttr) 374. 
Af jroirfu, r««HMJt(r 267, 374. 
Htxa$ttr 367. 

Htsasttr objennu 374. 375- 
Hipputeria 30«>. 
Hipputeris eqnestrU aB6. 
Hipputeria hradesi 36S. 
Hippaiteria phrygiana aB6, 301, 371 ; 

pb. 47, 4B; 49- 
Hippaiteria iiMiuMa 301. 339. 343. 345. 

341^ 348; pis. » 98. 
Hippattiriiu Bdl 3001 
Hipputeriitue aSj, 399. 
hi>|ridai, Odontaiter 349. 
Horn 387- 
HoMa flaTeacens 367. 
kyadtti, Atttriat 354. 
hyadtri. CrOftOa ^3. 
byadcii, Henrida 363, 36B, 373. 
tiTadcii, Hippasteria 36SL 
liTadeti, Sporaatertas 354. 
Hybrid* or freaks 17, 16. 
Hydrmrtcria* 43, 44. 35a 
Hydmterias diomedeaE 35a 
Hymenaater 367. 
HymttnoMttr obseunu 367. 
Hymenaxter perspicnns 368. 
Hyiaenasteriiue, new lubfamilj 366, 

367. 

Ilyastcr 315- 

imbricaia, Atteropsis 306. 

imbricata, Dermasteriaa 14, 306, 343. 

345.348; pis. 39, 50. 86. 97. 
imbricata, i-ar. valviilifera, Dennai- 

terias 305, 30«. 343- 



ineqaalis, Henricia leviascnla, new 

variety 319, 343; pi. 88. 
ineqnalis, Leptaiteriaa, new spedet 

60. 117, 143, 340; pi. 73. 
MMTMit, Dermasltriat 306. 
inermu, Parastrf^xcten 335. 
inflata flexibilta, Por«niop*t> 306. 
inflata, Poraniopais 3o6. 344, 346^ 349, 



i«lCaliw> AUxandratttr ao6. 
ingotiffit Pterastcr yR. 
inngnis, Amphiaster 394. 373 ; pL 9B. 
/«ut<r 995. 

Itatttr bmrdU 3^ 

i a t ak m a, Atttriat 69, 73. 
Jvonew cnrroit 3. 
japooica, Henricia 393. 373- 
j^xniciis, Ceramaster 3ga. 
Jaws and oral (pines 3& 
jehtnnttU, Cotcimuterw 46. 

katherm*, AtterocoiUkion 11a. 
hadwrina^ Asterias 13, 36, jo, 11^ 

3^ 344. 348; pl». 51. Sa. 83. 
katkerina, Asteriai Per. 58^ 89, 91, 97. 
kergnelenensis, Lcptycfaaster 316, 335, 

351. 369. 373. 
kcdileri, Orthasterias 64, 179, 183. 

343; pL7S. 
kmvnii, Crossaster a6i, 371. 
Korethraiterinse 243. 
krtmtei, CttModitau 331. 

Labidastrella, new genua 3S3. 373. 374- 

Labidaatrella annulata 373. 

Labidiastcr 13, 15, 36. 

Labidiatter annulate 353. 373, 374. 

Labidiaster radiosns 353, 371- 

Labidiaaterinx a& 

lactea, Anatteriat 355. 

lahillei, Cycethra 366, 373. 

LakiUia aos. 

Lahiilia mira 363. 

Larval stages 7> 

Ldnnnaster paxiliosns 365, 373. 

lebnini, Pteraster 368. 

Ldaster soB. 

lepidiu, Echinaster 363. 

lepidus, Echinaster <Rhopia) 373. 

teptalea, Lept as te ri aa, new spedea 60, 

119. 340, 348. 
Leptasteriaa 8^ 38, 41. 43. SO. 53. 55. 

56, 6ov 73, ti«, 351. 
Leptasterias xqnalia 36, 138; pis. 35. 

56. 
Leptasterias Kqnalia, var. con^acta, 

new varied 61, 130. 34'. 344: pL 
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Leptasteriu sqiuJis, v 

aew varietj 6i, 133, 344. 
Leptaiterias zqualis, var. nana, new 

Tariety 61, ija, 341. 344, MS- 
Leptaiteriaa arctica ia«, 33S, 347 ; pk. 

S6, 71. 73, 83. 
Leptasteriai cod, new species 3^ 61, 

laa, 178, 34H 348 ; pis. 9, 17. 
L^taitoiaa oompta 6, lai, 370L 
Leptavteriu cribrsria & 
Leptasterias dispar, new spedes 63, 

115. X4a,34i;pl- i& 
Lepluterias epichlora 8^ 17, 36, 60, 63, 

no, I3J, 341, 34& 
Leptaateriaa epichtora aladcenria, new 

rabspedes 13, 3^ 61, in, 136, 

338, 341 ; pla. aS, 85. 
Leptaateriaa epichlora a l ask en ii a, Yar. 

carinetla, new varietj 61, 137, 

341 ; pL 16. 
LeptaMeriaa epichlora alaskenna, var. 

stderea, new variety 61, 137. 341 ; 

pi. 16. 
[.cptaMerias epichlora miliaria, new 

subspedes 60, 61, 138, 341. 
Leptasterias epichlora plena, new vari- 
ed, 61, 140, 341 ; pL 56. 
Leptasterias epichlora pngetana, new 

subspedes 61, 14a, 341. 
Leptasteriaa epichlora, var. regnlaris, 

new variety 63. I39. 34'- 
Leptatterias epichlora, var subnodn- 

loM, new variety 63, 73. I39i 34i- 
Leptasterias epichlora, var. mbregu- 

laris, new variety 63, 139, 341- 
L^tasterias hcxactis 13, 61, 135, "A, 

34t^ 344, 348; pt 3$. 
Leptasterias inequalis, new spedes, 3^ 

60i 117, 143, 340; pi. 73. 
Leptasterias leptalea, new spedea 60, 

119, 340. 348; pt 18. 
Leptasterias littoralis 8, 370. 
Leptasterias maconni, new species 13, 

61, 134. 
Leptaittriat maeropora 145. 
Leptasterias molleri 55, 124. 
LQ)tasterias obtccta, new spedes 60^ 

144. 33& 
Leptasterias tenera 8, 370. 
Leptasterias Tancooveri 61, 135, 3¥>- 
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leptoceramns, Ceramaster 99a. 

Lcptogooatteritta; 383. 

leptolena, Orthasterias, new spedes 

66, i8a, 343; pis. 64, 77. 
LtftoftyciMtt^ 335. 3i>6- 
Ltttoftychasfr areticns 336. 
L^itostroteria 34. 
Lep^chaster 8, 31^ 333, tag. 
Lep^chaster antarcticns 369- 
Leptydiaster arcticas 3*6, 339- 
Lep^rdiaster Inrgneleneiuis 316, 335. 

3Sh 369, 373. 

L^tydiaster millespina 33& 
Leptydiaster padficns 336, 341^ 347; 

PL74. 
leviuMnia, CribrtUa 315. 
IcTinscula, Henrida 14, 313. 313, 338, 

343, 344. 346; pl*- I3> 13- 
tmutcula, lAtckia 21$. 
leviuscula, var. annectens, Henricia 

334, 344. 34<3^ 
leviuscula, var. attennata, Hctiricia 

ai7, 318, 343, 344. 
leviuscula, var. crassa, Henrida 317. 
leviuscula, var. dyscrita, Henricia 

333. 342. 344; ^ la. 
leviuscula, var. inequalis, Henrida, 

new variety 3i9> 343; pL 88. 
leviuscula, var. leviuscula, Henricia 

317, 343. 
leviuscula, var. lunula, Henrida, new 

variety 313, 318, 343, 344; pi. 88. 
levinscula, var. pectinata, Henrida 

329, 330. 
leviuscula, var. spatnlifera, Henricia 

334, 343, 344. 346; pis- 5. 14- 
kvittscula s[»culifera, Henrida 330, 

338,342;pU-87, 107. 
Undda an, 309- 
Unckio 309. 

Lindda colotnbi« 309, 337. 349- 
Lmckia dispat 3P9- 
Lindda frandscus an. 
linclda guildingii 309, 31a 337, 34^ 
Linckia ItvmsaUa 315. 
Lmekia oadata 336. 
Lindda omithoptu 310^ 
Linekia pertiua aaS. 
Lindda typus 3ii. 
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{Ltnekia) umifaseialu, var. bifaseiaUt, 

Pkotoria 309, 
Linckia variolabi ait. 
LiHckiad» 3B3, 308. 
linddi, Umteriu 33, 51, 55, 66, 181, 

18;, 370; Pl- 7a 
Ijnckudie 41, 308. 
littoralU, Lqttmiterus 8; 370. 
longispina, Henricia 342, 348. 
Lotharttr ftnUtctu SSB. 
Lophuter steUani 366, 368, 373. 
loveni, Diplastrrias 361. 
loTcni, Podasterias 361. 
ludwigi, Ltiidia 336, 345, 346. 
IStktm, Diflattenoi ^i. 
Ifi&eni, Podatterias 44, 51, 351, 361, 

373. 
lulktmii, Asttriat, 44, 8a, S3, 
lutkenii, Pisuter 11, 57, 68, 83, 344t 

345, 363; pL 4O1. 
lutkenii, var. atlstralis, Pitaster, new 

varied 85, 88, 345- 
ludcenii, var. exquiscta, Pisaater 345. 
Luidia 6, 381, 315, 334. 348. 
Luidia asthenosoma ii6, 345, 346, 
Luidia bdlonv 367. 
Luidia brevispina 347- 
Luidia ctathraU 7, 371 ; pl- I03> 
Luidia foliolaU 11, 334> 343, 345, 346; 

pis. 100, 103, 105. 
Luidia lodwigi 336, 345, 346. 
Luidia mageUanica 31^, 373. 
Luidia phragma 367. 
Lutdiaater »ti. 
Luidiaster dawsoni »\a, 339, 343. 349 ; 

pli- 33. 34. 35> 
Loidiidie 383, 333. 
LtN^ntf 333- 

lunula, Henricia Icviuicula, new vari- 
ety 213. ai8, 343, 344; pL 88. 
lurida, Astiritu 337. 340- 
Inrida, CotmaMerias 31^ 4!^ 51^ 358, 

371. 
■Tsasteria, Anaiterias, new name 334* 

35S, 371. 
Ljuottmof 354. 

maconai, Leptasterias, new spedea 13, 

61, 1x4. 
maeropora, Leptatterioi 145. 



macriqiora, Stcnasterias 13, 66, 14S1 

341, 34B; pl»- 5<^ 74. 84- 
Madreporite plate 36. 
magelharUea, Porama 368. 
mageUanica, Luidia 367, 373. 
margaritifera, AtttraeoMtkion 69. 
marginata, Enoplopatiria 363, 365, 371. 
mariana, Sporasteria* 350. 
manippiu, Pteiuter 373, 339. 347- 
Marthastcrias 46, 47, 100, 3S8l 
Manhasterias gladalis 46, 47. 49. ^o- 
Harthasteriai sertulif era 19. 58^ 100, 

34S, 349. 
Hatemal instincti 10. 
mtdio, Cycetkra 366. 
Mediaster 385, 395 • 
Mediaater vqualis 391, '9^, 343, 344, 

34fi,348;pl«.2,3. S- 
Mediaster bairdii agS, 371 ; pla. a, 3. 
Mediaster stellatna 3g& 
Mediasteruue aSj. *94- 
mtridionalis, Atttriat 361, 373. 
meridionalia, Podasterias 361, 373. 
merrianii, Orthasterias, new tgtdta 

13, 65, »77, 343; pis. 18, 19, 75. 
meaacutus, Aatropectinides 316, 321, 

373. 
Meyenaatcr 54, 353- 
Mejrenaater gelatjoosus 54, 35 7. 37 1- 
migrata, Allasterias 373. 
Migratorj habits 3, 4. 
miliaria, Henricia aanguinolenta 934, 

370; pl. 88L 
miliaria, Leptasterias e^dilora, new 

tubapedea 60^ 61, 138. 341- 
miHtarv, Aslerw 273. 
tailitaris, Pteraster 372. 278, 339, 343. 
nuUespina, Leptychastcr 326. 
Mimaster cognatus 368L 
Mimasteridx 283. 
muiiota, A/teriat 364. 
mMala. AHerina 264. 
miniata, Patiria 14, »64, 343. 344. 346, 

347, 348, 3«; pL 7, loB. 109. 
mmiattu, Atttritciu 264. 
minuta, Anaaterias 354, 355, 371. 
mifmla, Atteriat 107. 
minuta, Atterma 362. 
mtro, LoMUis 363. 
mira, Poraniopsis 363, 372. 



>y Google 



mirabilis, Trcmaster ^i. 
mitt, Asleracanthioit 358. 
Mithrodia bradleyi 373', pL lo?- 
Mithrodiidx 304. 
fuodesta, Aiterinidcs 373. 
Mollnsca, food for starfithu 3. 
Morphological features ao, 3i> 
Month of starfishe) 21. 
mulleri, Leptasterias 55, 124. 
molticlava, Asterias 59. no. i>4i 338. 

347; Pl»- 58, 5ft 6ft 84. 
nraldpea, Diplopteraater 379, 339. 
nmltiptt, PlerasItT 378. ^jg. 
imtUipet, Retosler 279. 
■noltispina. Henricta leviuscula 2ao, 

338. 
multispintu, Pteraster J71, 343, 34S. 
moricata, Cosdnasterias 46, 49, 373. 
fifyonota, suborder 383> 3101 
Mjncuteridx 204. 

nana, Leptasterias atqualis, new vari- 
ed 61, 13a, 341. 344, 345. 

Canaster 146- 

Naiuuter alMut 41. 

nanimcnsis, Asterias, new species 59^ 
105,340; pL6i. 

Nectria 287. 

Nectriiue 363. 

HtgUita, Asleriat 358- 

neglecta, StolaHeriat 47. 

tieglecta, Stylasterias jj^ 370L 

nilida, Cycethra 366. 

tiilida, SUphoHotleriat albuUt 147- 

nodifenu, Pisaster OH^hracens S7> ?>• 
3*1^ 344; pL 56. 

nodonu, Goniiuter 386. 

nodosns, Oreaster 386. 

nortonensis, Allasterias rathbnni 67, 
"9». 338,347;pl.78. 

Notomyota, order 31a 

nutrix, Granastcr 373. 

notrix, Stichaster 51, 363. 

obesa, Henricia 363, 373- 
obseunu, Haatttr 374, 375' 
obteunu, Hywttnatttr 261J. 
obacnnit, Pteraster t3, I7, >74t 330- 
abacarni, var. octaster, Fteraftcr 13, 
>?«. 33ft 347- 
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o|»ecta, Leptasterias, new •pedei 60, 

»44. 338. 
obtnsa. Callopatiria 373- 
oktutanguliu, Goniatttr 287. 
ofatusangulus, Fieudoreastcr 387. 
obhtsupinota, Atttriat 358. 
ocellif era, AUopatiria 363. 
oehrocta, Atttriat 69, 77, &1. 
ochraceus, Pisaster 11, 14. 57, 69, 7a, 

34£^ 344. 345; pL «- 
ochraceus, var. nodiferus, Pisaater 57, 

7a. 34ft 344- 
octaster, Pteraster 374. 
octoradiattis, Solaster 368. 
ooldla, Atleriat 326. 
ocHlata, CrSfeUa 3a6. 
oculata, CribrtUa 326. 
oailala, Hmricia 336. 
oculata, Linckio 33& 
oeulatiu, EcMnasfer 326. 
Odontaster 303. 

OdoaUster crassns 304, 345, 346, 349- 
Odontaster cretnens 368. 
Odontaster granulostu 367, 373. 
Odontaster grayi 367, 37a. 
Odontaster hispidns 349. 
Odontatter ptdietUant 367. 
Odontaster penicillatus 367, 373: 
Odontaster pilulatus 367, 373. 
Odontaster robuatus 349. 
Odontasteridas 383, 30a. 
Odontophores 37. 

csntedii, Astropecteii 318, 31ft 346, 373' 
Ophiactis 14. 
Opkidiatttr 309. 
Ophidiasteridx 3Sa, 385, 308. 
Ophiocoma pumila, number of rays 

14- 
omatissimus, Astropectcn 330, 346, 

34ft 
ornithopus, Unclda 310. 
Oreaster nodosus 386. 
Oreaster reticulatus 386. 
Oreatteridae sSi, ^ 286. 
Orthasterias, new genus 4S, 64. IM* 

353, 374- 
Orthasterias tnordinata, new ^eciet 

48, 64.173, 341 ;pU. 63. 8a. 
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Ortbutcriu californica, new apedes 

4E^ 64. 174. 185. 344. 350; pis. 6^ 

70^80,81. 
Orthasteriu columbiana, new apecica 

n*, 48, » 6* X6S, I A 183. 341. 

344. 3*6. 348: pU. 24, 35, 6s. ?8, 7ft 

109. 
Orthuteriu dawtoni, new spedci 48, 

65, 171, 17s. 343; pU. 33, 75. So, 

8t. 
Orthasterias etutyU 168. 
Orthasteriaa fordpnlata 11. 
Ortbutcriu forrcri 19, 65, i79( 344. 

345; pis- 65. 66, 70, 77. 8a 
Ortfaasteriaa forreri fordpuUta 65> 

180, 34a; pis. 63, 70, 88. 
Orthuterias gonolena, new spedcf 

6s, 184, 344. 345. 349; Pl«. 67, 6^ 

69. 8a. 
Orthaiteriu koehleri 65, 175, 183. 343l 
Oithasleriu leptolena, new ipedcs 61^ 

IS J, 343; pi". 64. 77. 

OrUuuterias merriami, new ipedea 13, 

65, 177. 342;pl»- 18, ift7S. 
Ortliuteriu (Styluterias), new nib- 

genus 65. 
Ortbasteriu (Stylasteriu) forreri 

343. 
Orthasteriu : 

168,370. 
Orthuteriu tanneri 48^ 16S, 348, 370; 

pU. 48, 109. 
Ortmannia »$• 
Ossicles, morptioloB)' of 37. 
Othilia ao6. 
(Othilia) robtutns, Ecftinaater, new 

species M07. 
Oyster beds damaged hj starfishes 3. 
Oysters, food of starfishes 3, 5. 
padficns, Leptychaster jj6, 340^ 347; 

p'-74. 
Pxduterias, new genus 352, 353, asSi 

374- 
Pzduterias chirophora, new genus 

35S. 371- 
pagenstecheri, Henrida 363. 373- 
Paleozoic Echinoderms 13. 
panopla, Urastertas 52, iSa, 37a 
papillosa, Adelasterias 360, 373. 



Mibangtilosa, new name 



papmoia. Atteriat 372. 

tapiUota, DipUuteriai 360. 

papillosa, Ganeria 365, 373. 

pappojo, Aittrias 359. 

papposus, Crossaster 249, »%9, 33ft 

343 ; pis- 5. 8k ft 49- 
Pappoiut, Solasttr 259. 
Pappostu, Solasttr (Polyaster) 259- 
papulosua, Pisuter 11, 58, 68, 91* 340; 

pis. 42, 43, 60, 76. So. 
Paracluuteridtt 310, 
Pan^Mttiria crassa 363. 
Parasterias, new genus 53, S5> 66, 187, 

374- 
Parasterias albertensis, new spedes 

53. 55, 187. 343, 348; pis. 57, 7* 
Parastropecten 335. 
Parastropecten inemiis 335. 
parvispina, Evasteriaa troschdii, new 

variety 63, i6j, 341. 
Patagoniao spedes 2, 12, 15, 56, 353. 
Patttgoniea, Poranio 368. 
palagonietu, Astrogonium 366. 
patagonicus, Ceramaster 391, 339^ 

343. 347. 34ft 368. 
Pataeot^cus, Ptntagonatter 291- 
ptttagoHicut, Pteudarchiuttr 368. 
Patiria 2A4, 

Patiria chilensia 34S, 364. 373- 
Patiria cocdnea 363, 373. 
Patiria gayi 364, 373- 
Patiria miniaU 14. 3*4. 343, 344, 34"!^ 

347- 348, 349; pis. 7. loB, lOft 
Patiria pectinifera 349- 
PatirieUa 373. 

Patiriella bispinoaa 364. 373- 
PatirieUa calcarata 364, 36s, 373. 
Patiriella fimbriata 364. 365, 373- 
Patiriella pusilla 364, 365. 373- 
Patiriella regularis 263, 373> 
Paucispina, Atteritu 98. 
paudspinus, Pisaster 19. 98> 340, 344> 

345;pl.36. 
Paulia 287. 

paxiltatus, Solaster agS, 339, 343, 347. 
Paxillosa, suborder 24, 283, 313. 
Paxiilota 280, ^i. 
Paxiiloim 280, 

paxillosus, Lebrunaster 365, 372. 
ptcHnata, Cribrella 23a 
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pectmaita, Henricia 3i3. 

pectinata, Henricia sanKuinolenta sag, 

330; pi. 49. 
pectinifera, Patim 349- 



Pedicellariz of Asteriidx 23, 30, 35- 
Pedietllaris, Odonlatltr 36^. 
Pedicellaater 120, 137, joa. 
Pedicellaater antarcticus 367, 371. 
Pediccllaster scaber 36& 
Pedicellaater typical aoa. 
PedicellaateridK 24, 36, aoa. 
penidllaris, Aaterinopsis a63, 373- 
penidllatns, Odontaster 367, 373. 
penidllatus, Solaster 361. 
PcQtaceros 3Et6. 
PtMlactroHdtf aBa, aSs. 
tentaelu, Lopkaster 368. 
Pentagonaiter a8l3, aSB. 
Ftntagenaster 389- 
Pentagonaater austro-srannlaria 369. 
Pentagonatter granularu ago. 
Pentagonaster patagowiau 391. 
Ptntagimaater pulchtUui 366. 
Ptntagonojlerina 383, 385, 389. 
pentagontilns, Gooiodiscua 367. 
peregrinator, Diplopteraiter 36S. 
peregriMOtor, Rttaster 368. 
Peribobutcr triaerialis 366. 
Peribolaster foliculaia 366, 3^ 
Perimaater denatta 364. 
Perlmaater f uscna 364. 
perrieri, Anasteriu 51, 354. 
ptrrieri, Anatteriat 355. 
ptrritri, Asteriai 354, 356. 
Ptrruri, AtttriMB 365, 373. 
perrieri, Asterintdet 365, 373. 
perrieri, Sporaaterias 353, 354, 356, 

371. 
Peraephonaster 337. 
perapicutia, HTinenaater 368. 
Ptrhua, Asteriat 326. 
ptrtuta, Linckia 236. 
Phanerozona, order 34, aSo, aSa. 
Phalaria 309 
Pbatatria biserialis 346. 
Pliataria (Linekia) mmfajeiaiit, 1 

bifateMis 309 
PkOomatter fOg. 
phragma, Luidia 367. 
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phrygiana, Hippaateria 386, 301, 371; 

pla. 47, 4:^ 49. 
pUulatut, Gnathaster 367. 
pilnlatna, Odontaater 367, 373. 
pktgmt, Cyctthra 3fi6. 
Pittiter 18, 24, aS; 31, 33, 38, 3ft 54, 

S6. *7. 73. 3Sa. 
PiMSter brevispina 77. 
Piaaster breriipiniia 57, 77, 93, 340, 

344.34s; pU. 4i> 44, 4S, "5ft 76- 
Piaaster captatus ift 57, 81, 344, 345 ; 

pla. 36, 56. 
Piaaster confertoi 57, 73* 167, 340; 

pL3& 
Puatter Hsntpina 76. 
Fisaster fisaiai^iH 34, 57, 76, 344; pL 

39- 
Piaaster gigantetis 11, 57. S4. S7> S9i 

98, 344: pL 37- 
Pisaater grandis 13. 
Piaaatcr giayi 58, 91, 97, 344. 
Pisatttr katkerina Vti. 5^ 89, 91, 97. 
Piaaatcr ludEcnii 11, 57, 6&, 83> 344. 

345,362. 
Piaaster luttcemi, var. australia. Dew 

variety 85. 88. 345. 
Pisaater lutkenii, var. exqniaeta 345. 
Hsaster ochracetu li, 14, 57, 69, 73, 

34°- 344. 345; Pl«- 31, t», 56. 
Pilaster odu-accna, var. nodiferua 57, 

Ta,340,344;pl-56- 
Pisaater papalosns 11, 58. 68. 9I1 340; 

pis. 43, 43, 6oi 76i 8a 
I^saater panda^ns ift 98, 341^ 344, 

345;pl-36. 
plana, Acanthaster, 364, 373. 
Plaitci, Atteriiu 364. 
planeta, Pontaater 369. 
Plates, akdetal 23, aS, 31. 
plena, Leptasteriaa epichlora, new aub- 

spedes 61, 140, 341. 
Plutonaster 381. 
Podaateriaa 8^ 353, 361. 
Podaateriaa loveni 361. 
Podastcrias Indceoi 44, 51, 351, 3*1, 

372. 
Podasterias meridionalis 361, 372. 
Podasteriaa spinoaa 361, 37a. 
Podastcriaa stnneni 351, 361, 372. 
Polaris, Asttriat 107, 108, 113, 370. 
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^Itru, CttnoducM 33a Ptmuler h^tt VO, 343! pL g& 

polyacantha, Henrida 213. PttraMer bexactia S74. 

iPolyastery fafpotiu, Svlatttr 3S9> Pteruter ingoulfi 368. 

Polyatteriat 45. Pteruter lebnmi sflBL 

PolyaHeriai ftrmomdtntit 360^ 371. Pteruter maxnppm aji, 33ft 347- 

pdjfraaumit, Comuteriu ato, 371. Pttnster nuHtarit aja, icfi, 33A 34^ 

^fyKraiNMNM, Stiekmtttr to, 3A 36a Ptmiter mmltifta ajU 379. 

371. Pteruter rm^tsquiiis S7it 343. 3^ 

po^rpbx, AOoatidMsUr 373. PteruUr otMcunu 13, 17, ai4, ga^ 

polyplas, Asteriai (StidiastcT) 125- Pteruter obaama, tmt. ocl u ter 13, 

polyidax, Stichaster slSa. a?*, 339, 347. 
poljtbda, Asteriu 5ft i»4, 338, 347 ; PttruMter oettuUr 374. 

pU. 55. 701 7* 79. *4- Pteraater polrmti* ays, ajA. 339. 

Pontaiter planeta 369. Pitratter rttiemlmimt aSR. 

PontasterinK agj, 3ii> Pterattcr nigatiu ajS, 3flBL 

Porania aBi. Pteruter Mniiretkiilatin aj6. 

Poraoia antarctka 36B, 37a. Pterattcr stellifer aj&, 36BL 

Porania ^aber 368. Pttratter (TtmmoMttr) htxaeti* 974. 

Poranitt magdhtnica ySR. Pteraiter tcuektas aM, 371, 33^ 343, 

Ponmia patagomea 368. 348: pis. 3a, 8S, 97. 

a ^yCMMB ^. Ptcfaster ttstdatiu arcnatna at^, 

t 304. Pterattcr tCMdatni bdwt ay. 

Porantiae 305. Pteraiteridx 204, aM. 

Porankqwu aog. Pteraateridet 377. 
Poraniopdt edunaiter 349, 363, 37a, Pteraateridea aporas 178, 339^ 347. 

Poraniopris inflata >*6, 344, 34S1, 349, P l er ut w ii ut a66, atj. 

363. pngetana, Leptastcriu epidiktra, new 

Poraniopau mflala flex9>ilia 306. rabspedea 61, 14s. 341. 

Poranioptii mira 363, 373. fiulchttlHS, Pentagonmtter 3B6. 

PorcdlaBaiter 315. pnWilltu, Pteraater ayj, 3J&, 339. 

PotcellaiiaitcridK aSs, <»• pnsilla, Patiriella 364. S^S, 373. 

Porcdlanasteriiue 383, 399. Pycnopodia 4,6, ta, 15, 39. 40^ 43. 67, 

frattans, CribreOa ifiR. 68, 197. 

prvstan*. Henrida 36B. Pjcnopodia hdiantliwdea tl, 35, I^S. 

prohlema, Asteracanthion 147. 343. 344. 34S; pU. ag, 3IX 31, 73. 

procurator, Ctenodiscoi 333- 74- 88. 

Pieudardiaster 385. Pycnopodida 197. 

Pieudarchaster patafrookni 368. Prcnopodimc 06, I97- 

PKudarchasterinK 363. pysnuea, Aaterina 371. 

Paendoreaster obtasanfoliu 3B7. pygmaa, Pontt i a 371- 

Pailaster 3IS Pyg*ii»^, CUtto^iicmi 371. 

Pailaster Benriaist 369. Pythonaster 367. 

Pteruter 8, J«7- PythonaateridK 304. 
Pteraater aSnit 378. 

Pttntttr apenu 377, 378. radioans, Labidiatter 353, 371. 

Pteraater capenris 37fL Randuia tBj. 

Pteraater carribma 378. Rathbnn, Rkfaard, apedea dedicated 

Pteruter cribroaus 378. to 19a 

Pteruter danc 378. Ratfabunaater ix 

Pteruter graciKs S71, 343, 348. Ratbbunatter califomiciu 197. 
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nthbimi, AUutefka 53, 55, 66^ 67, 

i«9. 337, 334 347- 
ndtbcmi nivtaacaisii, AUmateriu 67, 

19». 33^347; pl. 78^ 
Kart, derdoptBeot a& 
Kart, naniber and nriabiU^ la-iS. 

38. 
Rays, ipontaaeouf fiuion 39. 
rtgMlans, Cyetthra 3B6. 
ngnhrii, Leptasteriaa epiddon, new 

variety 61, I39t 34I- 
r^nUris, Patuidln ^63, 373. 
regnbri*, SolaiterafiBL 
ReproducttTC organi 3a; 
Retuter gibber 366, 373. 
Rttatttr wm lH ^ts ajg, 
Rttoiter ptrtgrim^oT 368. 
Ret&fter Temcomi 3™* JP^ 37^ 
rttieiiattu. Gtmmsttr a86. 



rtHctOatiu. Pirraster aSB. 

Rkopiaxg. 

Rbc^ aepositiu 363. 

ritteri, Bunodaaier 316, 3ja, 345, 348; 
pi). 86, 104, 105. 

robofta, Ganeria 365. 

robtuta, Stotatteriat 373. 

rebntta, Styluteriu 350, 373> 

rebnMiu, Echmatter 34a. 

robosttu, Ediinaster (Othilia), new 
■pedet S07. 

robottna, Odontaitcr 349. 

roita, Atteriat 40^ 36a. 

mea, CribtUa ai6. 

rosea, Sttcbastrella 40^ 370. 

rctta, SHckatter 4P- 

nbttu, Atteracantkicn 373. 

Ribens, AMcriai 44, 45, 6^ 18B, 337, 
34& 

nibtm, Asttfw lOj, 189. 

mdit, Entteriaa tTOMhelii, new vari- 
ety 63- «S«, 3*i- 

rndii, Henricia rantntnolcnta, new 
TOriety »a3, 338^ 347; pL 86. 

nigatas, Pteratter a7& 368. 

n^itfma, Atttritu Si, 53, 353. 355- 

rngiipina, Sponuteriaa 353, 356^ 357, 
371. 

mpkola, Atttriat 356L 



nipicola, Sporasterias 51, 53, 353, 38*t 

371. 
nutica, Asteriat 357. 

MUMwAmuur, AtUriat 133, 135. 
tttmgtmoUfda, Atttriat aa& 
saitffimoUnta, CribrtUa 333, aa& 
timgmitoUtita, Edthtasttr 3a6. 
sanguinolenta, Henrida 11, 14, 313, 

336, 338, 34a: pL 4ft 88. 
oangninolenta miliaria, Henrida, new 

snbapedea 334, 370; pL 88l 
sanguinolenta, *ar. iwtinaf, Henrida 

338; Pt49- 
sangnincdenta, rar. rndia, Henrida, 

new TBriety 333. 33^ 347; pL 86. 
sarrii, EdiinaataT 336t 
■caber, Pedicellaster 36S. 
sca^rifera, Smilaateriaa 53, 371. 
Sderatteriaa gnemd 44, SOk 370> 
terobiatlala, Eckmatttr 33ij. 
jtbm, Gonioducidet 368. 
leniireticiilatiu, Pteraater 378. 
Scnaet, instinct*, memorr 9. 
■enttu, Echinarter 307. 
f^oshnf, Rb^iia 363. 
ttrttUifera, Atttriat loa 
sertulif era, Uartbaataria* 19, 58, !••• 

345. 349- 
sexradiata, Henrida 371. 
siderca, Enoplopattria 365, 373 ; pL loft 
siderea, Leptasteriaa epidilora ala*- 

kenaia, new variety 61, 137, 341. 
aiderealia, Aatropecten, new apeciea 

3>7. 345, 346. 349: P(- 50. 
timpU*, CribrtOa 36^ 
nmplts, Cycttkra 366, 373. 
simplex, Henricia 366L 
singnlaris, Aaterodon 367, 372. 
Skeletal ^tea, growth of 31. 
Skdeton of starfiahes 3a 
aladeni, Cribraater 363, 372. 
Sflodl, tenae of ^ 
Smtlaateriaa 44, 53. 

riaa tca^fera 53, 371. 



M^aria, Acantbaater 364, 373. 
Solaris, BcktuatUr JS^ 
Solaater 4, 13, 15, 17, 18, 34a. 
Solaater atiatralis a66, 3% 373. 
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Soluter cocutdlattu J87t 343. 348; 

pU. 46^ 90^ 93, 94. 
SoUttcr dawtoni a49t 339, 343. 348; 

pU. 46, 9e^ 91, (IB. 
SoluMr dawtoni arctia, new sab- 

•pedet 353, as3, 3V, pL 87. 
Solatter dectntradiatiu 354. 
SoUster end«ca it, 243, a44> 248, 34^ 

339: pb. A 87. 89. 
SoUster gakxidet *46, 343, 34S; pU. 

46.87.89. 
Sduter octoradiattti 368. 
Sotaittr papponu 259. 
Soluter pudllatiu »t%. 339, 343. 347 
Solattcr penkniatni a63. 
Sotaittr (Polytuter) pappotut 359. 
S«duter regtilam 368. 
SoUster stimptooi 350, 254, 339, 34S; 

pb. 10; II, 15. 4^^ 86, 94. 95. 
SoUster *abArcDatn> 368. 
Solatter voncownertntis 354. 
ScdutcridK 41, J04, 343. 
SolatttriiiM 343. 
■patnlifera, Henrida 334. 
spotulifera, Henrida leriuscuU, var. 

234, 343, 344. 346 ; pli- 5. 14- 
Spedes, detemiiiiatioi) of 17. 
tpeciabiU, AsteracMUkioH 358. 
tpicuUferv, CribrtUa 33a 
MpietMfera, Htnrida Ma. 
ipicnlifera, Henrida IcvinscuU 330, 

338i343;pl».87, 107. 
Spines, 34. 36. 38- 
spinosa, Dipkuteriat 361, 373. 
■pinou, Hippasteria 301, 339. 343. 

345. 346. 348; ids- 50,98. 
spinosa. Podasterias 361, 373. 
spinosns, Echinaster 307. 
Spinttlosa 34, 303. 
apirabUv, Asttriat 51, 354. 
qtirabilia, Sponuteria* 354. 
tpiiMbtrgtiuit, Atttriat 148, 15a 
tintzbenceiuu, Cttnaiteriaa 53, 55. 

"48, 37a 
Sporaaterias 8; 53. 35<^ 353. 3SB- 
Sporastcriaa antarcdca 51, 53, 353, 

354.371- 



Sporasteriaa hjaden 354. 
Sporaaterias mariana 350. 
Sporasterias penieri 353, 354, »*, 



Sporasteriaa i 

371- 
Sporasterias rapio^ 51, 53, 353, 3»*t 

371. 
Sporasterias spinbilU 354. 
Sporasterias raria 353- 
Sports or hybrids 17. 
tlf i mtni, Atttriat 361. 
tttitttm, Diplatttriat 361. 
stcineni, Podasterias 35i> S^i. 373. 
BtcUans, Lophaster 366, 368, 373- 
steUatus, Mediatter agB. 
StdQeridc f ordptiUtK 34. 
SleUertdc Spinutost; 303- 
stdlif er, Pteraster 376, 368. 
tttiUonmra, Atttriat 51. 
Sttttonia lot, 3o6. 
Stenasteriat, new genns i45t 374. 
Stenastcrias macropora 13. 66, i48> 

341, 34B; pU. so, 74. 84. 
Stephanaster 386. 
Stephanasterias 36, 55> 130^ I4^ 
Stephanasterias albub 3A 40k 41, SS. 

67, 147. 338. 
Sttphanasttriat aHmla, vor. iMda 147. 
Stephanasterias gradlis 147. 
stichantha, DistoUsterias 44, 4g, 185, 

373- 
stichaittha, Stolatttriat 47. 
Sddiaster joi 
SHekasttr 146L 
SHehatttr atbrnttu 41, 147. 
Stidiaster anrantiaau 40^ 363. 
Stidiattcr f elipcs 49. 
Stidiaster nutrix 51, 351. 
Stiehaster polyg r atmmtu 49. 3S8t $^ 

371- 



Sporasterias cunninghanii 353. 
Sporasterias galapagensis 3501 



poIipUxsGoL 
SHehatttr rotta 40. 
Stidiaster strUtns 40^ 36a, 373. 
Stidiasterida; 37, 43. 
Stidiasterinc 36, 3ft 40^ 43, 14& 
Stidiastrella, new gemis 40> 374- 
StidiastreUa rosea 40. 370- 
atimpscmi, Sobster 350, 3S4, 339, 34S; 
iJs. 10,11, 15,46,86.94,95. 
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StoIaateriM 43. 44, ♦i 350- 
Stolasttriat AS, ill- 
Stolaittritu aitjctmiri 373. 
StoUuttfias amdicana 367. 
Slobuttriat negUcta 47. 
Stolatttriat robiuta 373. 
Slalaittritu ttkktmtha 47. 
(Sbduteriu) tennispiiu, Cotdnaa- 

tcriM46,49. 
Stobuttriat volstllata 46. 
atolidota, Calraneriu 43, 354, 357, 

371- 
Stomach of starfishes 21. 
■triatiu, Stichaster 41^ 36a, 373. 
stmderi, Anaaterias 355, 371. 
■tnderi, Astcriaa 51- 
■tnderi, Gastrastcr 360, 373, 
■tnderi, Huuida 363. 
Strfasteriu, new lubgieDua 33, 48^ 65, 

"79. 374. 
Stflasteria* f orreri 48, sa 
StjUtteriu neg^ecU 4)1, 37a 
Stylaateraa robosu 3S0, 373. 
■abangnlota, Oithasterias, new luune 

leS, 370. 
mbarcnatus, Solaater 36S. 
tubtUetilit, Cycethra 366. 
mbnodosa, Evasterias troKhelii, new 

▼ariety 63, 163, 341. 
■ubnodtdosa, Leptasteriai epidilora, 

new varied 6a^ 139, 341. 
■nbregnlaria, LepUsterias epidilon, 

new variety 62, 73, 139, 341. 
Snbspedes, definition of 17. 
Sndcer-fe« 4,6,15,39. 
tnkiftra, Aittriaa 48, 354 361. 
nildfera, Connasterias 48, 35^ 360, 

361. 371. 
tanneri, Orthaateriaa 48, tSi, 348, 370; 

pU. 48, 109. 
TtmmuteraSj. 
Ttmnatttr ktxacHs ati?, 374. 
Temperatore daring Gladal Period 3. 
Tempentore of coast waters 3, 3. 
Te nip e rattit c of water linita distri- 

btiCioti 19^ 
tenera, Anasterias 355, 371. 
tenent, Leptasteria* 8, 370. 
temdapina, Coacinasterias 3St 43, 45, 
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tcnuispina, Cosdnasterias (Stolaster- 

us) 4Gk40- 
tCDuispiniu, Echinaster 308, 346^ 34ft 

373 ;pi- 107. 

tesselatns arcuatns, Pteraster 369. 
teaselatus, Goniaster a86. 
tetaelatiu hebes, Pteraster 370. 
tesselatns, Pteraster 3«8, 371, 33ft 

343, 348; pU. 32, 86, 97. 
Thyone briareus 10. 
tomidata, Atttriiu iCoimattrriat) 48. 
tomidata, Cosmasterias 48, 50, 359, 

371. 
Tonia atlantiea 40^ 36a. 
Totia a67, 388, 389. 
Tona arctiea aga. 

Totia iCeramaster) graimlarit ago. 
Tosiaater, new genua 393. 
Tosiaster arcticos 393, 339; pis. 50^ 

99- 
Touch, sense g. 
Tremaster mirabilis 371, 
troscktlS, Attttiat 151. 
troschelii, Evasterias 11, 36, 51, 54, 63, 
"4, ISI. 156, 341. 344. 34S; pis. 
M, as, 36, 106. 
troschelii, var. alveolata, Evasterias, 
new variety 63, 157, 163, 341 ; pL 
63. 
troschelii, var. denta, Evasterias, new 

variety 63, i6z, 341. 
troschelii, var. parrisptna, Evasterias, 

new variety 53, 163, 341. 
trosdidii, var. rudis, Evasterias, new 

*arie^ 63, igS. 341, 
trosctadii, var. subnodosa, Evasterias, 

new variety 63, 163. 341. 
tumida, Henrida 214, 334. 239, 340^ 

338, 347; pis. 13, Sfr. 
tumida borealis, Hairida, new s<^ 
species 336, 33ft 343, 347; pis. 13, 
88. 
titrqntti, Asttriat 373. 
turqneti, Cryptasterias 363, 37a. 
tw^Htti, DipUuttriat 363. 
T)4aster 305. 

tyi^cnB, Pedicdlaster 9*a. 
typus, Liodda 311. 
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imifateiaiU, mr. bifoicialis, Pkmlaria 

(LMukta) 309- 
Unuter lOl. 
UrMteriai 33, 34, ji, 55. 6^ 187, 353, 

374- 
< Umttritu) ford^ulaia, Atttfim tftx 
Uratteriu cuimeri 53. 
Uruteriu linddi 33, 51, 55, 66, iSi, 

i^, 370; pl- ;o. 
Untterias puioida 53, iSa, 370. 

VaiootttT 3S3. 
ValnMcridK aSa. 
VakHUtiri^ 363. 
Vaivata, order iBo, aSa, 384. 

Vahnlat^, orxln 364. 

valmlifera, Dennmiteriu indtricita 

305. 3«*. 343- 
ValvnloHL, suborder 24, afti, at4. 
iwM-ONfwnMM, Solatttr 354. 



), Atttfiat 13, 125. 
vtooooreri, L^tasteriu 61, iss* y¥>- 
varia. Atttriaa 51. 
varia, Sponuterits 3S3- 
Vvietiei, definition 17. 
Tuiobta, Linckia an. 
Vdata, nbordcr a»4, at6. 
verriUii, Anasteriu 354, 355, 371. 
remicoaa, Cycethra 366, 372. 
vermconu, Diplopteraster 368. 
vermoonts, Retuter 366, 37a. 
verticolor, ASuteriu igi5^ 373. 
victoriana, Atterias 59, loa, 340^ 34S ; 

pL 53. 54. 6a Sa. 
violaeea, Atteritu 107. 
Totsdlata, Hetcratteriai 3j, 47, 4^^ 373. 
voUtQata, Stolasttriat 46. 
ralgaris, Atterias aB, 37a. 

ZonMsteriAc 24, 36^ 41. 
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